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(54) PNEUMATIC TIRE MADE BY USING LOWLY PERMEABLE THERMOPLASTIC ELASTOMER 
COMPOSITION IN GAS-BARRIER LAYER AND THERMOPLASTIC ELASTOMER 
COMPOSITION FOR USE THEREIN 



(57) A pneumatic tire having an air permeation pre- 
ventive layer comprising a low permeability thermoplas- 
tic elastomer composition comprising a thermoplastic 
elastomer having a thermoplastic resin composition as 
a continuous phase and a rubber composition as a dis- 
persed phase, in which a barrier resin composition is 
contained, which low permeability thermoplastic elas- 
tomer composition has a phase structure in which the 
barrier resin composition is dispersed in the form of a 
flat state in the thermoplastic elastomer, is abundant in 
flexibility, is superior in gas permeation preventive prop- 
erty, and enables the tire to be reduced in weight. 
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Description 

TECHNICAL FIELD 



a r»n?^ T l hef relatSS t0 3 ? neumatic wherein a resin film layer colored white or another color « 

arranged at an .nnermost surface or outermost surface of the tire and that coloring is used to t^Z£?£%2 



BACKGROUND ART 



end becomes a reason increasing the weight of the product mm puoo ^m) which .n the 

n«J!l* t6< J n,que disclosed in Japanese Examined Patent Publication (Kbkoku) No. 47-31761 however describe m 
moisture resistance (or JmrnZSnS^ ' S *• imer " ner ,ayer is inferior in 
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and polyvinylidene chloride, or a blend of polyurethane and polyvinylidene fluoride. 

Further, Japanese Unexamined Patent publication (Kokai) No. 5-318618 discloses a pneumatic tire having a thin 
film of methoxymethylated nylon as an inner liner. According to this technique, the inner surface of the green tire is 
sprayed or coated with a solution or emulsion of methoxymethylated nylon and the tire then vulcanized or the inner sur- 
£ face of the tire after vulcanization is sprayed or coated with a solution or emulsion of methoxymethylated nylon to pro- 
duce a pneumatic tire. In the arts disclosed in these publications as well, however, in addition to the defect of the poor 
water resistance of the thin films, there is the defect of a difficulty in maintaining uniformity of the film thickness. 

Further, Japanese Unexamined Patent Publication (Kokai) No. 6-40207 has an example of use of a multilayer film 
having a low air permeation layer comprising a polyvinylidene chloride film or an ethylene-vinyl alcohol copolymer film 
io and an adhesive layer composed of a polyolefin film, an aliphatic polyamide film, or a polyurethane film as the air per- 
meation preventive layer of the tire. In this system, however, the low air permeation layer lacks flexibility and the film 
cannot track expansion or contraction of the material when the tire is being run on so splits. 

Further, Japanese Unexamined Patent Publication (Kokai) No. 5-508435 proposes the use, as a tire inner liner 
composition, of a composition comprised of a halogen-containing copolymer of C 4 to C 7 isomonoolefin and p-alkylsty- 
75 rene containing carbon black, a plasticizer oil, and a vulcanization agent for the tire inner liner, but the inner liner has an 
insufficient air permeation coefficient and is not suitable for reducing the weight of the tire further. 

That is, the material for forming the gas barrier layer used for the inner liner of a pneumatic tire etc. is required to 
have flexibility and a gas barrier property, but no material has yet been presented which has both of these properties. 

A thermoplastic elastomer composition which is composed of a thermoplastic resin component as a continuous 
20 phase and an elastomer component as a dispersed phase and in which at least part of the elastomer component is 
cross-linked (vulcanized) has the rubber elasticity performance derived from the elastomer component which has gen- 
erally been cross-linked in the past, and, due to the thermoplastic resin component forming the continuous phase, can 
be thermoplastically molded at a high temperature where it melts and becomes fluid, it is known. 

That is. a thermoplastic elastomer composition having this dispersed structure has the characteristic of enabling 
25 formation by processing techniques similar to those of plastics while maintaining the properties of a vulcanized rubber. 

Therefore, the above elastomer composition has the following basic advantages compared with vulcanized rubber: 

(1) a vulcanization process is not required. 

(2) recycling of the products and the scrap produced during the processing are possible. 
30 (3) lightening of the weight is possible. 

Among these, in particular, a thermoplastic elastomer composition where part or all of the elastomer component 
forming the dispersed phase is cross-linked (vulcanized) with the thermoplastic resin forming the continuous phase dur- 
ing the mixing, that is, is dynamically cross-linked (vulcanized), can in particular give a product superior in the mechan- 

35 ical physical properties of a rubber elastomer, resistance to compression set, and resistance to oil and can be used, 
instead of conventional rubber, for auto parts, building materials, medical equipments, general industrial materials, etc. 

Relating to this thermoplastic elastomer composition, the present inventors previously proposed and filed an appli- 
cation (Japanese Patent Application No. 7-8394) for a polymer composition for a tire having an air permeation coeffi- 
cient of not more than 25 x 10' 12 cc • cm/cm 2 • sec • cmHg and a Young s modulus of 1 to 500 MPa which is superior in 

40 the balance of the air permeation preventive property and the flexibility as a polymer composition for a tire, which can 
be used to reduce the weight of the tire, and which is comprised of a blend of a specific amount of a thermoplastic resin 
having an air permeation coefficient of not more than 25 x 10* 12 cc • cm/cm 2 • sec • cmHg and a Youngs modulus of 
more than 500 MPa and a specific amount of an elastomer component having an air permeation coefficient of more 
than 25 x 10" 12 cc • cm/cm 2 • sec • cmHg and a Young's modulus of not more than 500 MPa. 

45 This proposed composition, however, had a superior function as a polymer composition for a tire, but when used 
as the inner liner layer or other air permeation preventive layer of a pneumatic tire had the problem that the adhesive- 
ness with the rubber layer was not sufficient with the thermoplastic elastomer composition alone. 

Further, the present applicant engaged in research to make the air permeation preventive property in the above 
polymer composition for a tire even more effective and proposed and filed an application (Japanese Patent Application 

so No. 7-55929) for a thermoplastic resin composition for a tire forming an integral air permeation preventive layer by 
extruding a blend of at least two types of incompatible thermoplastic resins in the process of which one thermoplastic 
resin component among the thermoplastic resin components is not finally dispersed but is dispersed oriented in a flat 
form due to the shear stress at the time of extrusion as it is incompatible. 

When this thermoplastic resin composition, however, is used as the air permeation preventive layer of a pneumatic 

ss tire, since it is a thermoplastic resin composition, a sufficient air permeation preventive property can be obtained, but 
this was not sufficient to sufficiently control the flexibility and durability with respect to f lexural fatigue and also there was 
the problem of an insufficient adhesiveness with the rubber layer with the thermoplastic resin composition alone. 

That is, as explained above, there is known a thermoplastic elastomer composition, having a thermoplastic resin 
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component as a continuous phase and an elastomer component as a dispersed phase, which has rubber elasticity is 
!h~ * e Can ? pmce ^* a thenroplastically. and enables control of the air barrier property or gas barrier property. Fur- 
Irt t?K ^ STf the , , ; m0pl ! 1 St,C reSi " """P 01 **™ wh ich enables a layer having a gas permeation preventive prop- 
£ S 6 ? ?■ W J* l ?T A therm °P ,astic ^astomer composition which has rubbery elasticity and 

can be thermoplastically processed and which enables the formation of a layer having bondability and other necessary 
functions integrally at the outside of the layers is not yet known. necessary 

DISCLOSURE OF INVENTION 

^vm e ™!! e T 36 ? i ™l n !! 0n J S tD Provide a P" eumati c tire forming an air permeation preventive layer using a 
ETL 0 ^ h a . tre WhlCh ^ 8 W9h e,ast0mer ratio and enables the thermoplastic resin component to be 
£2 !I ^ cons «' uent iS al>undant in f lexibi,it * fe in 9^s permeation preventive pSperty. ena- 

bles the ti re to be made hghter ,n weight without impairing the air pressure retention of the pneumatic tire issupe rior in 
balance of air permeation preventive property and flexibility, is superior in adhes^eness Jh an elastomer layer. ar^i is 
optimal as the air permeation preventive layer of a pneumatic tire. 

jJSTlfS 60 !? U 6 I'T™ inV6nti0n iS 10 PfOVide 8 mbber and thermoplastic elastomer laminate for a pneumatic 

5 tn e ,i9hter in wei9ht ^ impairin9 the air pressure retention <* ihe «re 

17™ " the 58,8,106 of the a,r Permeation preventive property and the flexibility, is superior in adhesiveness with 

£i£n J ST ' S Hr n0r me r6SiStanCe t0 hS8t Oration *"ing vulcanization. L resistance to heaTS 
noration dur.ng use. and the resistance to splitting upon flexing when dynamically bonded 

A still other object of the present invention is to provide an adhesive thermoplastic elastomer composition imparted 

T^TZ^ m aCWiti0n to mS inher6nt Pr0Perti8S rt V8riOUS thermop.astic elastomer composes. A sW other 
2*2 J, P 3 pneumat,c ,,re usin 9 a thermoplastic elastomer composition imparted with adhesiveness byftjr- 

hT^'2 m a T5 l 3 r Unt ° f an adh6SiVe « wm °P ta * resi " component, while maintaining the performance of 
the above thermoplastic elastomer material. 

ous ^it^fL 0 ? 6 ^ 0 / thS PreSent inventi0n iS to provide 8 P^^matic tire which prevents erroneous use or errone- 
ouTeZ^,?^ 5! f Separat *? n 31 *? time ° f r6CyClin9 * PrOXfldin9 8 C0,Ored laver at *• innermost surface or 
^otor^g 3 af ' WithOUt inCre ^ n9 * he thiCkneSS 8nd '"gating various information 

Hon UfSJ?- 08 3 ,irSt ° f the Pr6Sent inVenti0n ' there iS p,wided 3 P^rnatic tire having an air permea- 
JXnZnth y COmprS " 19 8 tnerm °P ,as,ic e'astomer composition containing (A) at least one thermoplastic reSn 
componen having an a,r permeation coefficient of not more than 25 xl(T« cc • cm/cm* • sec - cmHg and a Young's 

S" 2 ^ 11° ~ ^ nVCn ^; S f ' CmHg and 8 Youn 9' s ™**« of not more than 500 MPa. wherein the melt vto- 
ST^ £ hI JS^ thermoplastic resin component (A), the melt viscosity ( nd ) of the above elastomer component 
thedrffer ( ence ,n so,ub,lrt y Parameters of the elastomer component (A) and the thermoplastic resin componerrt 
(B) at the mixing temperature satisfy the relationship of the following formula (1 ): component 

40 a|ASPk n d 



75 



20 



25 



30 



35 



45 



50 



55 



wherein. 

ASP: difference in solubility parameters of elastomer component (B) and thermoplastic resin conponent (A) 
H>m : volume fraction of thermoplastic resin component (A) 
a = -0.0518, b = 0.90 

Z££!£Z!5S^ COmPOne,T, (B> " diSC0ntinU0US Phase and * e thermopfcstic resin component (A, 

In accordance with a second aspect of the present invention, there is provided a pneumatic tire having an air per- 
meation preventive layer comprising a low permeability thermoplastic elastomer composition comprising a thermoplas- 
SJSESETS 3 therm0pl8SliC r6Sin ™"<x**™ a continuous phase and a rubber composition's a SSS 
^nZ^!^^ n KT , ? , ^ iS COntained ' the ,OW P ermeabili * thermoplastic efastomer composition hav- 
ela^omeT the barrier resin composition is dispersed in the form of a flat state in theXrmoplastic 

In accordance with the present invention, there is further provided a pneumatic tire having an air permeation pre- 
ventive layer compr.s.ng a low permeability thermoplastic elastomer composition wherein the volume fraction and melt 
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viscosities of the thermoplastic elastomer having a thermoplastic resin composition as a continuous phase and a rubber 
composition as a dispersed phase and the barrier resin composition satisfy the following relation (2) and relation (3): 

r, d / nm >3.0 (2) 

5 

1-0 (3) 

io wherein, 

<(> d : volume fraction of barrier resin composition 
t| d : melt viscosity of barrier resin composition 

<t> m : volume fraction of thermoplastic elastomer with the thermoplastic resin composition as the continuous phase 
75 and the rubber composition as the dispersed phase 

Ti m : melt viscosity of thermoplastic elastomer with the thermoplastic resin composition as the continuous phase and 
the rubber composition as the dispersed phase. 

In accordance with a third aspect of the present invention, there is provided a pneumatic tire having an air perme- 
20 ation preventive layer comprising an adhesive thermoplastic elastomer composition comprising a thermoplastic elas- 
tomer composition (A) comprising a thermoplastic resin component constituting a continuous phase in which an 
elastomer component constituting a dispersed phase is dispersed at a blend ratio by weight to the elastomer compo- 
nent of 10/90 to 80/20 and an incompatible functional resin component (B), mixed therewith, having a difference in sol- 
ubility parameter (SP value) to the thermoplastic resin component (A) of more than 1 .0, where the following relation (4) 
25 is satisfied: 

a = ^x^<1.0 (4) 



30 



where, 



<|> A : volume fraction of thermoplastic elastomer composition component 
<|> B : volume fraction of adhesive thermoplastic resin component 
35 t| A : melt viscosity of thermoplastic elastomer composition component during melt mixing 
ti b : melt viscosity of adhesive thermoplastic resin component during melt mixing; and 

the volume fraction based upon the total amount of (A) and (B) is controlled to 1 to 40%. 

Further, in accordance with the present invention, there is provided a pneumatic tire having an air permeation pre- 
40 ventive layer comprising an adhesive thermoplastic elastomer composition where a compatibilizer component (C) is fur- 
ther included in an amount of 0.5 to 10% by weight, based upon the total weight of the component (A) and component 
(B) of the adhesive thermoplastic elastomer composition. 

Further, in accordance with the present invention, there is provided a pneumatic tire having as an air permeation 
preventive layer an adhesive thermoplastic elastomer composition comprising a thermoplastic elastomer composition 
45 (A) comprising a thermoplastic resin component constituting a continuous phase in which an elastomer component 
constituting a dispersed phase is dispersed at a blend ratio by weight of 1 0/90 to 80/20 in which is melt mixed an incom- 
patible adhesive thermoplastic resin component (B) having a difference in solubility parameter (ASP value) based upon 
the thermoplastic resin component (A) of more than 1.0 under conditions satisfying the above relation (4), the volume 
fraction of (B) based upon the total amount of (A) and (B) being controlled to 1 to 40%, and the adhesive thermoplastic 
so resin component being positioned at a surface location by forming it into a sheet or tube while applying a shear stress. 
In accordance with a fourth aspect of the present invention, there is provided a thermoplastic elastomer composi- 
tion having an air permeation coefficient of not more than 25 x 10" 12 cc * cm/cm 2 • sec • cmHg and a Young's modulus 
of 1 to 500 MPa comprising: 

55 (A) at least one thermoplastic resin component having an air permeation coefficient of not more than 25 x 10" 12 
cc ■ cm/cm 2 • sec • cmHg and a Young s modulus of more than 500 MPa in an amount of at least 10% by weight, 
based upon the weight of the overall polymer component, 

(B) at least one elastomer component having an air permeation coefficient of more than 25 x 10" 12 
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I~ X < 1 -0 /ex 

10 <t>c n A (5) 

where, 

<|) A : volume fraction of thermoplastic resin component (A) 
4> c : volume fraction of adhesive thermoplastic resin component (C) 
n A : melt viscosity of thermoplastic elastomer component (A) during melt mixing 
nc: me v'scoaty of adhesive thermoplastic resin component (C) during melt mixing. 

m 1 to 75% by we.ght. based on the total weight of the components (A). (B). and (C). 

coefficient of not more »a T 2 5 x ^CSSiS^SJSS T COmp0sition havin 9 a " ™ P°«™*on 
rubber composrton layer .aminated ov "thattyet comprSg 9 3 * 1 * 500 MP * and ™" a 

,he u rmop ' asti 5 resin ha ™9 en air permeation coefficient of not more than 25 x 10"* 

tssz sr^ssas isars^r - n 500 Mpa in an a — - - 

n.ZLZTJ- ei * St0 ™* ^^"ent having an air permeation coefficient of more than 2= x 10« 
and colored" ^V«aSr^T ^ C ° mP ° Sed ° f 3 therm °P ,astic -* « 

a main ingredient 

BRIEF DESCRIPTION OF DRAWINGS 

Rg. 5 K an axpianao* view M*g . ha« sacta, along tha ft. mftidial ..-acta, « a pnaumatie ft. o. tha 



75 



20 



35 



40 



45 



50 



55 



30 



6 



BNSDOCID: <EP 0857761 A1_I_> 



EP 0 857 761 A1 



present invention. 

Fig. 6 is a perspective view of an example of a side wall of a pneumatic tire of the present invention. 

Fig. 7 is an explanatory view of a half section along the tire meridial direction showing the section of a groove of a 
tread portion of the pneumatic tire of the present invention. 

Fig. 8 is a sectional view showing the state of reflection of light in the case of providing the resin film layer on the 
innermost surface or outermost surface of the tire through a black-concealing layer. 

Figs. 9(a), 9(b), and 9(c) are micrographs showing the morphology at sectional views in the Z-axial surface (a) and 
X-axial (b) and Y-axial (c) directions of a film formed using the low permeability thermoplastic elastomer composition of 
the present invention. 

Figs. 10(a), 10(b), 10(c), and 10(d) are micrographs showing the changes in morphology at sectional views in the 
X-axial direction in the case of changing the takeup speed (1.80 m/min and 3.30 m/min) of film formed using the low 
permeability thermoplastic elastomer composition of the present invention. 

Fig. 1 1 is a view showing the addition of functions by control of the morphology in a low permeability thermoplastic 
elastomer composition of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

As a material superior in gas barrier property, a polyamide thermoplastic resin (hereinafter referred to as a polya- 
mide resin) has been known. Also, as a material superior in a moisture barrier property and flexibility, a butyl rubber has 
been known. If it were possible to mix the two well, then there would be the possibility of being able to realize a compo- 
sition having a gas barrier property, moisture barrier property, flexibility, and elongation at break in a good balance. 

The thermoplastic resin mixed as the component (A) in the thermoplastic elastomer composition according to the 
first aspect of the present invention may be any thermoplastic resin having an air permeation coefficient of not more 
than 25 x 10" 12 cc • cm/cm 2 • sec • cm Hg, preferably 0.05 x 10* 12 to 10 x 10" 12 cc • cm/cm 2 • sec • cmHg and a Young's 
modulus of more than 500 MPa. preferably 500 - 3000 MPa. The amount mixed, according to the present invention, is 
15 to 80% by weight, based upon the total weight of the entire polymer component including the thermoplastic resin 
component (A) and elastomer component (B) and is preferably 1 5 to 60% by weight in terms of the flexibility. 

If the amount of the above thermoplastic resin is more than 80% by weight, based upon the total weight of the entire 
polymer component including the elastomer component, then mixing is possible, but the thermoplastic elastomer com- 
position obtained will lack flexibility, which is undesirable, while if less than 1 5% by weight it will not be sufficient for for- 
mation of the continuous phase including the elastomer component and the thermoplastic elastomer composition will 
not be able to be formed. 

As the thermoplastic resin, for example, the following thermoplastic resins and any thermoplastic resin mixtures of 
the same or including the same may be mentioned. 

Polyamide resins (for example, nylon 6 (N6), nylon 66 (N66), nylon 46 (N46), nylon 1 1 (N1 1), nylon 12 (N12), nylon 
610 (N610), nylon 612 (N612), nylon 6/66 copolymer (N6/66), nylon 6/66/610 copolymer (N6/66/610), nylon MXD6 
(MXD6), nylon 6T, nylon 6/6T copolymer, nylon 66/PP copolymer, and nylon 66/PPS copolymer), polyester resins (for 
example, polybutylene terephthalate (PBT), polyethylene terephthalate (PET), polyethylene isophthalate (PEI), 
PET/PEI copolymer, polyacrylate(PAR), polybutylene naphthalate (PBN), liquid crystal polyester, polyoxyalkylenediim- 
idate/polybutyrate terephthalate copolymer, and other aromatic polyesters), polynitrile resins (for example, polyacrylo- 
nitrile (PAN), poly methacrylonit rile, acrylonitrile/styrene copolymer (AS), methacrylonitrile/styrene copolymer, and 
methacrylonitrile/styrene/butadiene copolymer), polymethacrylate resins (for example, polymethyl methacrylate 
(PMMA) and polyethyl methacrylate), polyvinyl resins (for example, vinyl acetate (EVA), polyvinyl alcohol (PVA), vinyl 
alcohol/ethyl ene copolymer (EVOH), polyvinylidene chloride (PVDC), polyvinyl chloride (PVC). vinyl chloride/vinylidene 
chloride copolymer, and vinylidene chloride/methylacrylate copolymer), cellulose resins (for example, cellulose acetate 
and cellulose acetate butyrate), fluororesins (for example, polyvinylidene fluoride (PVDF), polyvinyl fluoride (PVF), poly- 
chlorofluoroethylene (PCTFE), and tetrafluoroethylene/ethylene copolymer (ETFE)), imide family resins (for example, 
aromatic polyimide (PI)), etc. may be mentioned. 

The elastomer component mixed as the component (B) in the thermoplastic elastomer composition according to 
the present invention is an elastomer having an air permeation coefficient of more than 25 x 10~ 12 
cc • cm/cm 2 • sec • cmHg and a Young's modulus of not more than 500 MPa or an elastomer composition comprising 
these plus a reinforcing agent, filler, cross-linking agent, softener, antioxidant, processing aid, and other compounding 
agents in the necessary amounts which are generally mixed with an elastomer for the purpose of improving the disper- 
sion of the elastomer, heat resistance, etc. The amount mixed, according to the present invention, is 20 to 85% by 
weight, based upon with respect to the total weight of the polymer component containing the thermoplastic resin (A) 
and elastomer component (B), preferably 40 to 85% by weight. 

If the amount of the above elastomer component is less than 20% based upon total weight of the plolymer compo- 
nent including the thermoplastic resin component, this is not sufficient to impart the flexibility required for the thermo- 
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ubilities of the two components (solubility parameters) (shown in formula (1)). By controlling the interrelationship 
between these properties, it is possible to maximize the kneadable elastomer component or to control the dispersed 
structure of the thermoplastic elastomer desired by a certain ratio of elastomer. 

In the present invention, it was found that it was possible to control the melt viscosities and solubilities of the two 
5 components, thereby leading to the present invention. 

Note that, here, the melt viscosity means the melt viscosity of any temperature or component at the time of melt 
mixing. The melt viscosity of each polymer material is dependent on the temperature, the shear rate (sec 1 ), and the 
shear stress, so the stress and shear rate of the polymer material at any temperature in the molten state capable of 
flowing through a capillary, in particular, the temperature region at the time of mixing, are measured and the melt vis- 
10 cosity measured by the following formula: 

ti = a/y (where, a: shear stress, y: shear rate) 

Note that, the melt viscosity is measured by using a Capillary Rheometer Capillograph 1C made by Toyo Seiki Sei- 
15 sakusho Ltd. 

Further, in the present invention, the thermoplastic resin component and the elastomer component, the melt vis- 
cosities of the components, and the solubility parameters need not be those of single components. When two or more 
types of polymers are used, the solubility parameter may be calculated using the weighted average values of each of 
the polymer components used, and, further, the melt viscosity may be calculated using the weighted average of the melt 

20 viscosities of the polymer components of the constituent thermoplastic resin component or the elastomer component 
at the temperature of mixing of any polymer component. 

The thermoplastic elastomer composition produced by the above method and the control of the physical and chem- 
ical properties of the thermoplastic resin component (A) and the elastomer component (B) is next extruded or calen- 
dared to form a film. The film-forming process may be any process for forming a film from a usual thermoplastic resin 

25 or thermoplastic elastomer. 

The thin film thus obtained had the structure of the matrix of the thermoplastic resin (A), in which the elastomer 
component (B) is dispersed as a discontinuous phase in a high elastomer ratio. By making this state of a dispersed 
structure, it is possible to impart a balance of flexibility and an air permeation preventive property and further to obtain 
the effects of improvement of the resistance to heat deformation and improvement of the water resistance and; further, 

30 to possible to process like a thermoplastic elastomer composition and therefore enable formation of a film by an ordi- 
nary resin use machine, that is, by extrusion or calendaring. 

Explaining the process of producing a pneumatic tire having an air permeation preventive layer comprised of a thin 
film of a thermoplastic elastomer composition according to the present invention taking as an example the case where 
the inner liner layer is disposed at the inside of the carcass layer, the thermoplastic elastomer composition of the 

35 present invention is extruded into a thin film of a predetermined width and thickness and wrapped as a cylinder over a 
tire shaping drum. A carcass layer comprised of the unvulcanized rubber, a belt layer, a tread layer, and other members 
used for producing usual tires are successively superposed, then the drum is pulled out to obtain a green tire. Next, the 
green tire is heated and vulcanized by an ordinary method to produce the desired lighter weight pneumatic tire. Note 
that a similar procedure may be followed when providing the air barrier layer at the outer periphery of the carcass layer 

40 as well. 

In accordance with the second aspect of the present invention, in the first step, it is necessary to form a thermo- 
plastic elastomer composition composed of a rubber/matrix resin comprised of a rubber composition dispersed finely 
in a matrix resin. As this matrix resin component, a thermoplastic resin other than one used as the later mentioned bar- 
rier resin (low gas permeable thermoplastic resin) is used. For this, polyamide resins such as a nylon 6/66 copolymer 

45 (N6/66), nylon 1 1 (N1 1), nylon 12 (N12), nylon 610 (N610), nylon 612 (N612), nylon 6T, nylon 6/6T copolymer, nylon 
66/PP copolymer, nylon 66/PPS copolymer, polyester resins such as polybutylene terephthalate (PBT), polybutylene 
terephthalate/tetramethylene glycol copolymer, polyacrylate (PAR), polybutylene naphthalate (PBN), liquid crystal pol- 
yester, polyoxyalkylene diimidate/polybutylene terephthalate copolymer; polynrtrile resins such as polyacrylonitrile 
(PAN), polymethacrylonitrile (PMN), acrylonitrile/styrene copolymer (AS), methacrylonitrile/styrene copolymer, meth- 

so acrylonitrile/styrene/butadiene copolymer; poly(metha)acrylate resins such as polymethyl methacrylate (PMMA), poly- 
ethyl methacrylate. ethylene ethylacrylate copolymer (EEA), ethylene acrylic acid copolymer (EAA), ethylene 
methylacrylate (EM A); vinyl resins such as vinyl acetate (EVA), polyvinyl chloride (PVC); cellulose resins such as cel- 
lulose acetate, cellulose acetate butyrate; fluorine resins such as polyvinylidene fluoride (PVDF). polyvinyl fluoride 
(PVF). polychlorofluoroethylene (PCTFE), tetrafluoroethylene/ethylene copolymer (ETFE); imide resins such as aro- 

55 matic imides; etc. may be mentioned. 

Further, as the rubber component forming the thermoplastic elastomer composition composed of the above rub- 
ber/matrix resin, diene rubbers and their hydrogenated compounds such as natural rubber, synthetic polyisoprene rub- 
ber (IR), epoxylated natural rubber, styrene-butadiene rubber (SBR), polybutadiene rubber (BR), nitrile-butadiene 
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vulcanization agent may be added during the above mixing, but preferably are premixed before the mixing. The kneader 
used for mixing the rubber component and the matrix resin component is not particularly limited, but a screw extruder, 
kneader, Banbury mixer, twin-screw knead er/extruder, etc. may be mentioned. In particular, for mixing the matrix ther- 
moplastic resin component as the rubber component and for the dynamic vulcanization for vulcanization during the mix- 

5 ing of the rubber component a twin-screw kneader/extruder is preferably used. As the melt mixing conditions, the 
temperature should be at least the temperature at which the matrix resin melts. Further, the shear rate at the time of 
mixing is preferably 500 to 7500 sec* 1 . The mixing time in the first step is from 30 sec to 10 minutes. Further, when add- 
ing a vulcanization agent, the dynamic vulcanization time after addition is preferably from 15 sec to 5 minutes. 

In the next second step, first, the first step batch (thermoplastic elastomer composition) is extruded into strands 

w from the front end of the twin-screw kneader/extruder. These are cooled by water etc., then pelletized by a resin-use 
pelletizer. Into these are blended pellets of the barrier resin composition. The blend is supplied in fixed quantities as a 
normal blend of pellets of a blender etc. (dry blend) or from two types of feeders during the mixing in the second step. 

The mix is processed at a low (10 sec' 1 or more, less than 1000 sec" 1 ) shear rate by. for example, an ordinary resin- 
use single-screw extruder to melt mix the first step batch and the barrier resin composition. This is then formed into a 

is sheet, film, or tube by a T-sheeting die. straight or cross-head construction tubing die, inflation molding cylindrical die, 
etc. at the front end of the single-screw extruder for use for a pneumatic tire rubber/resin laminate. 

Note that, in the second step, the mix may be shaped by the above resin-use single-screw extruder after being 
taken up in strands and pelletized by the above resin-use single-screw extruder. 

By controlling the above a value, ratio of viscosities, and ratio of volume fractions to mix the first step batch and the 

20 barrier resin composition in the above process, the above barrier resin composition is added to the matrix resin compo- 
sition in the first step batch with a relatively high shear so the structure is controlled to a dispersed one where it is linely 
dispersed to form a flat layer and a low gas permeable elastomer resin composition formed with a gas permeation pre- 
ventive layer made of the barrier resin composition is obtained. 

The sheet like or tube like thin film thus obtained is composed of the low permeability thermoplastic elastomer resin 

25 composition controlled in the morphology of the multiple-component system mix of the rubber/matrix resin/barrier resin 
of the present invention. As explained in more detail later, it is composed of a composition where the rubber is finely 
dispersed and the barrier resin has a flat layered structure. This thin film therefore has, in addition to flexibility, a remark- 
able gas permeation preventive property. Therefore, it can be effectively used for the air permeation preventive layer of 
a pneumatic tire. * 

30 For the thermoplastic resin used for the thermoplastic resin component in the thermoplastic elastomer composition 
comprised of the adhesive thermoplastic elastomer composition according to the third aspect of the present invention 
in which an elastomer is mixed as the component (A), any thermoplastic resin component having an air permeation 
coefficient of not more than 25 x 10~ 12 cc- cm/cm 2 -sec- cmHg, preferably 0.1 x 10 12 to 10 x 10' 12 
cc • cm/cm 2 • sec • cmHg, and a Young's modulus of not less than 500 MPa. preferably 500 to 3000 MPa may be used. 

35 The amount mixed is at least 1 5% by weight, preferably 20 to 85% by weight, based upon the total weight of the polymer 
component including the thermoplastic resin component and elastomer component. 

As such a thermoplastic resin, for example, the following thermoplastic resins and any mixtures of the thermoplastic 
resins thereof or including these may be mentioned. Further, the thermoplastic resin component may contain an anti- 
oxidant, agent for preventing deterioration due to heat, stabilizer, processing aid, pigment, dye, etc. 

40 Polyamide resins (for example, nylon 6 (N6), nylon 66 (N66). nylon 46 (N46), nylon 1 1 (Nl 1), nylon 12 (N12), nylon 
610 (N610). nylon 612 (N612), nylon 6/66 copolymer (N6/66), nylon 6/66/610 copolymer (N6/66/610). nylon MXD6, 
nylon 6T, nylon 6/6T copolymer, nylon 66/PP copolymer, nylon 66/PPS copolymer), polyester resins (for example, poly- 
butylene terephthalate (PBT), polyethylene terephthalate (PET), polyethylene isophthalate (PEI), polybutylene tereph- 
thalate/tetramethylene glycol copolymer, PET/PEI copolymer, polyacrylate (PAR), polybutylenenaphthalate (PBN), 

45 liquid crystal polyester, polyoxyalkylene diimidodiacid/polybutylene terephthalate copolymer, and other aromatic poly- 
esters), polynitrile resins (for example, polyacrylonitrile (PAN), polymethacrylonitrile, acrylonitrile/styrene copolymer 
(AS), methacrylonitrile/styrene copolymer, methacrylonitrile/styrene/butadiene copolymer), poly(metha)acrylate resins 
(for example, polymethyl methacrylate (PMMA), polyethyl methacrylate), polyvinyl resins (for example, vinyl acetate, 
polyvinyl alcohol (PVA), vinyl alcohol/ethyl en e copolymer (EVOH), polyvinylidene chloride (PVDC), polyvinyl chloride 

so (PVC). vinyl chloride/vinylidene chloride copolymer, vinylidene chloride/methyl aery late copolymer), cellulose resins (for 
example, cellulose acetate and cellulose acetate butyrate), fluoro resins (for example, polyvinylidene fluoride (PVDF), 
polyvinyl fluoride (PVF), polychlorofluoroethylene (PCTFE), tetrafluoroethylene/ethylene copolymer (ETFE)), imide res- 
ins (for example, aromatic polyimide (PI)), etc. may be mentioned. 

As explained above, these thermoplastic resins must have the specific air (gas) permeation coefficient. Young's 

55 modulus, and amount of mixing. No material having a flexibility of a Young's modulus of not more than 500 MPa and an 
air permeation coefficient of not more than 25 x 10" 12 cc • cm/cm 2 • sec • cmHg has yet been developed industrially. Fur- 
ther, if the air permeation coefficient is more than 25 x 10" 12 cc • cm/cm 2 • sec • cmHg, the afore-mentioned air or gas 
permeation preventive property of a gas permeation preventive property composition for an air permeation preventive 
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mixing, that is, dynamically cross-links (vulcanizes), by for example a twin-screw kneader/extruder at a relatively high 
shear stress to produce a thermoplastic elastomer composition (A), then mixing this and a predetermined adhesive 
thermoplastic resin (B) in a single-screw extruder for a thermoplastic resin by a relatively low shear rate, then using a 
normal T-die or tubing die for forming a tube shape etc. to shape the mix from the end of the single-screw extruder in a 

5 range satisfying the conditions of the melt viscosity and volume fractions of the components (A) and (B) into a film, 
sheet, plate, rod, or tube so that the component (B) is concentrated at the outside. 

Here, as the conditions of the relatively high shear stress of the twin-screw kneader/extruder, the shear rate should 
be 500 to 7500 sec" 1 . The relatively low shear stress conditions of the single-screw extruder etc. is preferably a shear 
rate of from 1 to less than 1000 sec \ 

10 The articles thus extruded will, if in a range satisfying the conditions of the above formula (1 ) and difference of SP 
values, have the above adhesive thermoplastic resin component located primarily at the surface portion due to the rhe- 
ologic fluid behavior. 

Note that, the compatibilizer component (C) can be simultaneously mixed under the above low shear stress condi- 
tions with the pre-prepared thermoplastic elastomer composition (A) and adhesive thermoplastic elastomer component 

is (B) so as to improve the adhesiveness at the interface of the components (A) and (B). Further, a similar effect can be 
obtained even if simultaneously or separately inserting and dispersing the thermoplastic elastomer component when 
mixing the thermoplastic resin component and the elastomer component of the thermoplastic elastomer composition 
(A) at a relatively high shear stress by the twin-screw extruding etc. That is, in the present invention, by adding the com- 
ponent (C) in 0.5 to 10% by weight, based upon the total weight of the component (A) and component (B), the proper- 

20 ties of the thermoplastic elastomer composition itself will not be impaired and the function of the adhesive thermoplastic 
resin component will be given integrally. Further, in the present invention, since the above adhesive thermoplastic resin 
component is concentrated in the dispersed structure, even with a small amount of the adhesive thermoplastic resin 
component, its function can be exhibited to the maximum effective extent. 

Production of the adhesive thermoplastic elastomer composition using an adhesive thermoplastic resin as the 

25 adhesive thermoplastic resin component in the present invention requires the production first of the thermoplastic elas- 
tomer composition of the component (A). The process of production of this component comprises mixing the above 
thermoplastic resin component and elastomer component (unvulcanized component without vulcanizing (cross-linking) 
agent) by a twin-screw kneader/extruder etc. to cause the elastomer component to disperse as a dispersed phase 
(domain) in the thermoplastic resin forming the continuous phase (matrix). When cross-linking (vulcanizing) the elas- 

30 tomer component at this time, the vulcanization agent and, if necessary, the vulcanization accelerator, are added during 
the mixing so as to cause the elastomer component to dynamically vulcanize. Further, the various compounding agents 
(except vulcanization agent) for the. thermoplastic resin or the elastomer component may be added during the mixing 
or be premixed before the mixing. As the conditions for the melt mixing at this time, the temperature may be any tem- 
perature above that where the thermoplastic resin component melts. Further, the shear rate at the time of mixing is pref- 

35 erably 500 to 7500 sec" 1 . The mixing time is 30 sec to 10 minutes. Further, when adding a cross-linking (vulcanizing) 
agent, the vulcanization time after the addition is preferably from 15 sec to 5 minutes. 

The elastomer composition according to the present invention may further have mixed into it components mixed 
into general elastomers such as fillers (calcium carbonate, titanium oxide, alumina, etc.), carbon black, white carbon, 
and other reinforcing agents, softener, plasticizers, processing aids, pigments, dyes, antioxidants, and the like so long 

40 as the requirements for the above air permeability or gas permeability are not impaired. 

Further, when the above elastomer component is being mixed with the thermoplastic resin, the elastomer compo- 
nent may be dynamically vulcanized. The vulcanization agent, vulcanization accelerator, vulcanization conditions (tem- 
perature and time), etc. when dynamically vulcanizing the elastomer component may be suitable selected depending 
upon the composition of the elastomer component added and are not particularly limited. 

45 As the vulcanization agent, the above-mentioned general rubber vulcanization agents (cross-linking agents), that 
is, sulfur vulcanization agents, organic peroxide vulcanization agents, phenol resin vulcanization agents, zinc oxide, 
magnesium oxide, litharge, p-quinoneoxime. p-dibenzoylquinoneoxime, tetrachloro-p-benzoquinone, poly-p-dinitroso- 
benzene, and methylenedianiline may be used. Further, if necessary, the above general vulcanization accelerators may 
also be added. 

so Further, as the vulcanization accelerator, general rubber aids may be used together. 

The thermoplastic elastomer composition produced by the above method is charged into a single-screw extruder 
either as it is or after being extruded from the twin-screw kneader/extruder and pelletized once. At the same time, the 
adhesive thermoplastic resin component is mixed in either separately or in the mixed state. These are mixed under gen- 
tle mixing conditions, then a T-die for sheeting attached to the front end of the machine or a tubing die having a pin or 

55 die construction for forming a tube is used to extrude the mixture with a certain shear stress to form the desired shape 
(film, sheet, plate, rod. tube, etc.) Further, the mixing time in the above single-screw extruder is preferably from 30 sec 
to 10 minutes. 

The shaped article thus obtained has the structure where at least a part of the elastomer component is dispersed 
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weight, preferably 20 to 85% by weight, based upon the total weight of the polymer component including the thermo- 
plastic resin component (A) and elastomer component (B). 

As such a thermoplastic resin component (A), for example, the following thermoplastic resins and any mixtures of 
the thermoplastic resins thereof or including these may be mentioned. Further, the thermoplastic resin composition may 

5 contain a plasticizer, softener, reinforcement agent, processing aid, stabilizer, antioxidant, etc. 

Polyamide resins (for example, nylon 6 (N6), nylon 66 (N66). nylon 46 (N46), nylon 1 1 (N1 1), nylon 12 (N12), nylon 
610 (N610), nylon 612 (N612), nylon 6/66 copolymer (N6/66), nylon 6/66/610 copolymer (N6/66/610), nylon MXD6, 
nylon 6T, nylon 6/6T copolymer, nylon 66/PP copolymer, nylon 66/PPS copolymer), polyester resins (for example, poly- 
butylene terephthalate (PBT), polyethylene terephthalate (PET), polyethylene isophthalate (PEI), PET/PEI copolymer, 

w polyacrylate (PAR), polybutylene naphthalate (PBN), liquid crystal polyester, polybutylene terephthalate/polytetrameth- 
ylene glycol copolymer, polyoxyalkytene diimidodiacid/polybutylene terephthalate copolymer, and other aromatic poly- 
esters), polynitrile resins (for example, polyacrylonitrile (PAN), polymethacrylonrtrile, acrylonitrile/styrene copolymer 
(AS), methacrylonitrile/styrene copolymer, methacrylonitrile/styrene/butadiene copolymer), poly(metha)acrylate resins 
(for example, polymethyl methacrylate (PMMA), polyethyl methacrylate), polyvinyl resins (for example, vinyl acetate 

is (EVA), polyvinyl alcohol (PVA), vinyl alcohol/ethylene copolymer (EVOH). polyvinyl id en e chloride (PVDC), polyvinyl 
chloride (PVC), vinyl chloride/vinylidene chloride copolymer, vinylidene chloride/methylacrylate copolymer), cellulose 
resins (for example, cellulose acetate and cellulose acetate butyrate), fluoro resins (for example, pol yvinyl id en e fluoride 
(PVDF), polyvinyl fluoride (PVF), polychlorofluoroethylene (PCTFE), tetrafluoroethylene/ethylene copolymer (ETFE)), 
imide resins (for example, aromatic polyimide (PI)), etc. may be mentioned. 

20 As explained above, these thermoplastic resins must have the specific air permeation coefficient. Young s modulus, 
and amount of mixing. The material of the present invention which has a flexibility of a Young's modulus of not more 
than 500 MPa and an air permeation coefficient of not more than 25 x 1 0* 1 2 cc • cm/cm 2 • sec • cmHg has not yet been 
developed industrially. Further, if the air permeation coefficient is more than 25 x 10' 12 cc • cm/cm 2 • sec *cmHg, the 
afore-mentioned air permeation preventive property of the thermoplastic elastomer composition will be decreased and 

25 the function of the air permeation preventive layer of the tire will no longer be performed In relation to this, even if the 
amount of the thermoplastic resin mixed is less than 10% by weight, the air permeation preventive property will similarly 
fall and the layer will not be able to be used as the air permeation preventive layer of a tire. 

The elastomer component mixed in the thermoplastic elastomer composition according to the present invention as 
the component (B) is any elastomer having an air permeation coefficient of more than 25 x 10" 12 

30 cc • cm/cm 2 • sec • cmHg and a Young's modulus of not more than 500 MPa or any blend of the same or an elastomer 
composition comprising these plus compounding agents generally blended into elastomers for improving the disper- 
sion, heat resistance, etc. of the elastomer such as reinforcing agents, fillers, cross-linking agents, softeners/ antioxi- 
dants, and processing aids added as necessary. The amount mixed is at least 10% by weight, preferably 10 to 85% by 
weight, based upon with respect to the total weight of the resin and elastomer component constituting the air permea- 

35 tion preventive layer. Also, the total weight (A) + (B) of the component (A) and the component (B) is a weight of; at least 
30% by weight, based upon the weight of the polymer component as a whole. 

The elastomer constituting this elastomer component is not particularly limited so long as it has the above air per- 
meation coefficient and Young's modulus, but for example the following may be mentioned. 

Diene rubbers and their hydrogenates (for example, NR, IR, epoxylated natural rubber, SBR, BR (high cis BR and 

40 low cis BR), NBR, hydrogenated NBR, hydrogenated SBR), olefin rubbers (for example, ethylene-propylene rubber 
(EPDM, EPM), maleic acid-modified ethylene-propylene rubber (M-EPM)), butyl rubber (IIR), isobutylene and aromatic 
vinyl or diene monomer copolymers, acryl rubber (ACM), ionomers), halogen-containing rubbers (for example. Br-IIR, 
CI-MR, a bromide of isobutylene-p-methylstyrene copolymer (Br-IPMS), chloroprene rubber (CR), hydrin rubbers (CHR, 
CHC), chlorosulfonated polyethylene (CSM), chlorinated polyethylene (CM), maleic acid-modified chlorinated polyeth- 

45 ylene (M-CM)), silicone rubber (for example, methylvinyl silicone rubber, dimethyl silicone rubber, methylphenylvinyl sil- 
icone rubber), sulfur-containing rubbers (for example, polysulfide rubber), fluororubber (for example, vinylidene fluoride 
rubbers, fluorine-containing vinylether rubbers, tetrafluoroethylene-propylene rubbers, fluorine-containing silicone rub- 
bers, fluorine-containing phosphagen rubbers), thermoplastic elastomers (for example, styrene elastomers, olefin elas- 
tomers, polyester elastomers, urethane elastomers, and polyamide elastomers), etc. may be mentioned. 

so According to the present invention, as the third component bondability imparting component (C), an adhesive ther- 

moplastic resin component (C) having adhesiveness with rubber and having a volume fraction x viscosity ratio with the 
thermoplastic resin of the component (A) satisfying the following relation: 

55 J±X^<1.0 

* C 1 A 



where, 
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* A : volume fraction of thermoplastic resin component (A) 
4> c : volume fraction of adhesive thermoplastic resin component (C) 
n A : melt viscosity of thermoplastic elastomer component (A) during melt mixing 
nc^mett v.scosrty of adhes.ve thermoplastic resin component (C) during melt mixing 
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moplastic resin melts. Further, the shear rate at the time of mixing is preferably 500 to 7500 sec* 1 . The time for the 
overall mixing is from 30 sec to 10 minutes. Further, when adding a vulcanization agent, the vulcanization time after 
addition is preferably from 15 sec to 5 minutes. The thermoplastic elastomer composition produced by the above proc- 
ess has a dispersed structure with the thermoplastic resin component forming a continuous phase and the cross-linked 

5 elastomer component forming the dispersed phase (domain), so has a stable dispersed structure and exhibits the prop- 
erties of vulcanized rubber and can be formed into a film by extrusion using a resin-use extruder. At the time of extru- 
sion, with the polymer composition of the present invention, the component (C) in the matrix concentrates at the surface 
portion of the film. The thin film obtained as a result is structured as a matrix of the thermoplastic resin (A) in which part 
of the elastomer component (B) is dispersed as a discontinuous phase (domain) and with surface layers comprised of 

10 the component (C) sandwiching the same from the two sides. 

By adopting such a structure, the thin film obtained from the thermoplastic elastomer composition of the present 
invention maintains the function of imparting a balance of the flexibility, rubbery elasticity, and air permeation preventive 
property and remarkably improves the adhesiveness with the rubber layer at the time of vulcanization of the tire. 

By selecting the matrix resin components (A) and (C), the way the strength of the bond between the thin film 

15 obtained by extrusion and the rubber layer is manifested at the time of extrusion differs. This point will be explained 
using Figs. 3(a), 3(b). and 3(c). 

Figure 3(a) shows that when using as the matrix resin components (A) and (C) components (A) and (C) where ha 
> nc over the entire specific temperature range, the adhesiveness increases remarkably in the range of a small amount 
of mixing of the component (C). Figure 3(c) shows that when components (A) and (C) where r| A < r] C over the entire 

20 specific temperature range, the adhesiveness increases remarkably in the range of a large amount of mixing of the 
component (C). Further, Fig. 3(b) shows that when using components (A) and (C) where ti a < r| C below a specific tem- 
perature and where r\ A > t\ c above the entire specific temperature, the adhesiveness exhibits the same behavior as with 
the case of Fig. 3(a) in the range of a small amount of mixing of the component (C) and exhibits the same behavior as 
the case of Fig. 3(c) in the range of a large amount of mixing of the component (C). 

25 Note that, here, the melt viscosity means the melt viscosity of any temperature or component at the time of melt 

mixing. The melt viscosity of each polymer material is dependent on the temperature, the shear rate (sec 1 ), and the 
shear stress, so the stress and shear rate of the polymer material at any temperature in the molten state capable of 
flowing through a capillary, in particular, the temperature region at the time of mixing, are measured and the melt vis- 
cosity measured by the following formula: 

30 

r\ «= a/y (where, a: shear stress, y: shear rate) 

Note that, the melt viscosity is measured by using a Capillary Rheometer Capiliograph 1C made by Toyo Seiki Sei- 
35 sakusho Ltd. 

Further, Fig. 3 shows the phase state of the thin film obtained by extrusion in the case of selection and use of the 

matrix resin components (A) and (C) in Fig. 3(a) and Fig. 3(c). 

Next, explaining the process of producing a pneumatic tire having an air permeation preventive layer comprised of 

a thin film of a thermoplastic elastomer composition according to the present invention taking as an example the case 
40 where the inner liner layer 3 is disposed at the inside of the carcass layer 2, the thermoplastic elastomer composition 

of the present invention is extruded into a thin film of a predetermined width and thickness and wrapped as a cylinder 

over a tire shaping drum. A carcass layer comprised of the unvulcanized rubber, a belt layer, a tread layer, and other 

members used for producing usual ties are successively superposed, then the drum is pulled out to obtain a green tire. 

Next, the green tire is heated and vulcanized by an ordinary method to produce the desired lighter weight pneumatic 
45 tire. Note that a similar procedure may be followed when providing the air permeation preventive layer at the outer 

periphery of the carcass layer as well. 

The material of the rubber layer which to air permeation preventive layer of the present invention is bonded with is 

not particularly limited and may be made any rubber material generally used as a tire use rubber material in the past. 

Examples of such a rubber are a rubber composition comprising NR, IR, BR, SBR, and other diene rubbers, halogen- 
50 ated butyl rubbers, ethylene-propylene copolymer rubbers, styrene elastomers, and the like in which carbon black and 

other reinforcing agents, process oil and other softeners, plasticizers, vulcanization agents, and other compounding 

agents have been added. 

The air permeation preventive layer according to the present invention has an air permeation coefficient of not more 
than 25 x 10" 12 cc • cm/cm 2 • sec • cmHg, preferably not more than 5 x 10° 2 cc * cm/cm 2 • sec • cmHg. By making the air 
55 permeation coefficient not more than 25 x 10' 12 cc • cm/cm 2 • sec • cmHg, it is possible to reduce the thickness of the 
air permeation preventive layer to less than one-half the thickness of a conventional air permeation preventive layer. 

On the other hand, the Young's modulus is 1 to 500 MPa. preferably 10 to 300 MPa, and the thickness 0.02 to 1 .0 
mm, preferably 0.05 to 0.5 mm. If the Young's modulus is less than 1 MPa, wrinkles occur during the shaping of the tire 
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According to a fifth aspect of the present invention, there is provided a rubber and thermoDiastic elastompr i»mi« ato 

J? £JU? ""f:" 10 ^ resin havin 9 an air permeation coefficient of not more than 25 x 10* 

£«fT™ ",k ' Cm H H9 , and 3 Y ° Un9S m0du,US 01 more «« 500 MPa ^ an amount of attest 10% by welt 
based upon the weight of the overall polymer component y 9 

~ ° ne elastomer component having an air permeation coefficient of more than 25 x io-« 
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composition comprising these plus compounding agents generally mixed into elastomers for improving the dispersion, 
heat resistance, etc. of the elastomer such as reinforcing agents, fillers, cross-linking agents, softeners, antioxidants, 
and processing aids added as necessary. The amount mixed is at least 10% by weight, preferably 10 to 85% by weight, 
based upon the total weight of the polymer component including the thermoplastic resin and elastomer component 

5 comprising the air permeation preventive layer. 

The elastomer constituting this elastomer component is not particularly limited so long as it has the above air per- 
meation coefficient and Young's modulus, but for example the following may be mentioned. 

Diene rubbers and their hydrogenates (for example, NR, IR, epoxyiated natural rubber, SBR, BR (high cis BR and 
low cis BR), NBR, hydrogenated NBR, hydrogenated SBR), olefin rubbers (for example, ethylene-propylene rubber 

w (EPDM, EPM), maleic acid-modified ethylene-propylene rubber (M-EPM)), butyl rubber (IIR), isobutylene and aromatic 
vinyl or diene monomer copolymers, acryl rubber (ACM), ionomers, halogen-containing rubbers (for example, Br-IIR, 
CI-IIR, a bromide of isobutylene-p-methylstyrene copolymer (Br-IPMS), chloroprene rubber (CR), hydrin rubbers (CHC, 
CHR), chlorosulfonated polyethylene (CSM), chlorinated polyethylene (CM), maleic acid-modified chlorinated polyeth- 
ylene (M-CM)), silicone rubber (for example, methylvinyl silicone rubber, dimethylsilicone rubber, methylphenyl vinyl sil- 

15 icone rubber), sulfur-containing rubbers (for example, polysulfide rubber), fluoro rubbers (for example, vinylidene 
fluoride rubbers, fluorine-containing vinylether rubbers, tetrafluoroethylene-propylene rubbers, fluorine-containing sili- 
cone rubbers, fluorine-containing phosphagen rubbers), thermoplastic elastomers (for example, styrene elastomers, 
olefin elastomers, polyester elastomers, urethane elastomers, and polyamide elastomers), etc. may be mentioned. 
According to the present invention, further, as the third component adhesive imparting component (C), an epoxide 

20 of a block copolymer comprised of a vinyl aromatic compound and a conjugated diene compound and/or its partial 
hydrogenate is mixed into the thermoplastic resin composition of the component (A) in an amount of 3 to 50% by weight, 
preferably 5 to 20% by weight. If the amount mixed is smaller, the adhesion with the opposing rubber component 
becomes insufficient, while conversely is too great, the air permeation coefficient becomes too large and the modulus 
of elasticity becomes too low making it impractical. 

25 Further, according to the present invention, a thin film comprised mainly of the third component adhesiveness 
imparting component (C) is interposed between the thermoplastic elastomer composition layer comprised of the com- 
ponents (A) and (B) and rubber composition layer for use in bonding the rubber and thermoplastic elastomer laminate. 
The thickness of the thin film used as this bonding layer is 5 to 200 *im, preferably 1 0 urn to 1 00 urn 

As the vinyl aromatic compound comprising the polymer block comprised mainly of a vinyl aromatic compound 

30 used for the third component (C), for example, one or more may be selected from styrene. a-methylstyrene, vinyltolu- 
ene, P-t-butylstyrene, divinylbenzene. P-methylstyrene, 1 , 1 -diphenylstyrene, and the like. Among these, styrene is pref- 
erable. Further, as the conjugated diene compound, one or more types may be selected from butadiene, isoprene, 1,3- 
pentadiene, 2,3-dimethyl-1,3-butadiene, piperidine, 3-butyl-1.3-octadiene, phenyl-1.3-butadiene, and the like. Among 
these, butadiene, isoprene, and combinations of the same are preferred., 

35 The block copolymer referred to here means a block copolymer comprised of a polymer block consisting mainly of 
a vinyl aromatic compound and a polymer block consisting mainly of a conjugated diene compound. The ratio of copo- 
lymerization of the vinyl aromatic compound and the conjugated diene compound is 5/95 to 70/30, preferably 10/90 to 
60/40. Further, the weight average molecular weight of the block copolymer used in the present invention is 10,000 to 
400,000, preferably 50,000 to 250.000. Further, the molecular structure of the block copolymer may be a straight, 

40 branched, radial, or any combinations of the same. Further, the unsaturated bonds of the conjugated diene compound 
of the block copolymer may be partially hydrogenated. The hydrogenation of the conjugated diene compound gives an 
unsaturation of at least 5%, preferably at least 10%. 

In the present invention, the epoxy modified block copolymer used in the present invention is obtained by epoxylat- 
ing the block copolymer. The epoxy modified block copolymer in the present invention can be obtained by causing a 

45 reaction between the block copolymer and a hydroperoxide, peracid, or another epoxylating agent in an inert solvent. 
As the peracid, there are performic acid, peracetic acid, perbenzoic acid, trifluoroperacetic acid, etc. Among these, per- 
acetic acid is a preferable epoxylating agent. At the time of epoxylation, a catalyst may be used in accordance with 
need. For example, in the case of a peracid, sodium carbonate or other alkalies and sulfuric acid and other acids may 
be used as a catalyst. Further, in the case of a hydroperoxide, a mixture of tungstenic acid and caustic soda may be 

so used together with hydrogen peroxide, an organic acid with hydrogen peroxide, or molybdenum hexacarbonyl with ter- 
tiary butyl hydroperoxide to obtain a catalytic effect. 

The material of the rubber layer to which the gas (air) permeation preventive layer in the rubber and thermoplastic 
elastomer laminate of the present invention is adhered is not particularly limited and may be made any rubber material 
generally used as a tire use or hose use rubber material in the past. Examples of such a rubber are a rubber composi- 

55 tion comprising NR. IR. BR, SBR. NBR, and other diene rubbers, hydrogenated NBR (HNBR), butyl rubber, halogen- 
ated butyl rubbers, halides of isoprene-P-methylstyrene copolymers (X-IPMS), chloroprene rubber (CR), chlorinated 
polyethylene (CM), chlorosulfonated polyethylene (CSM), ethylene-propylene copolymer rubber (EPM), ethylene-pro- 
pylene-diene three-way copolymer rubber (EPDM), ethylene-methylacrylate copolymer (EMA), styrene elastomers, etc. 
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in which carbon black or other reinforcing agents, process oil and other softeners, plasticizers. vulcanization agents 
vulcanization aids, antioxidants, processing aids, and other compounding agents are added. 

The ratio of composition of the specific thermoplastic resin component (A) and elastomer component (B) constitut- 
ing the thermoplastic elastomer composition may be suitably determined by the balance of the thickness of the film air 
permeation preventive property, and flexibility, but preferably the range is. in terms of the ratio of (A)/(B) 10/90 to 90/10 
more preferably 15/85 to 80/20. ' 

The thermoplastic elastomer composition of the present invention, as explained above, contains as essential com- 
ponents the thermoplastic resin component (A) and the elastomer component (B) having the specified air permeation 
coefficients and Young's modulii. if illustrated, the resuft is as shown in the graph of Fig. 1 . In Fig. 1 , the component (A) 
corresponds to the region X. the component (B) corresponds to the region Y. and the thermoplastic elastomer compo- 
sition obtained corresponds to the region Z. 

Below, a more detailed explanation will be given of a pneumatic tire having an air permeation preventive layer pro- 
duced using the rubber and thermoplastic elastomer laminate of the present invention 

The air permeation preventive layer of the pneumatic tire according to the present invention can be positioned at 

a ^J? S ?!T ' nS,de the tir6, th3t iS ' 31 the inSide 0r 0utside of the carcass ^ or at otn *r positions. The point is that the 
object of the present invention be achieved by arrangement to enable prevention of the permeation and diffusion of air 
from the inside of the tire and enable the air pressure in the tire to be maintained over a long period. 

A *P ,cal example of the arrangement of an air permeation preventive layer of a pneumatic tire is shown in the par- 
tial sectional view along the meridial direction of Fig. 2. 

The production process of the thermoplastic elastomer composition constituting the air (gas) permeation preven- 
tive layer in the present invention comprises melt-mixing a thermoplastic resin component comprised of the compo- 
nents (A) and (C) and an elastomer (in the case of a rubber, unvulcanized) component (B) by a twin-screw 
deader/extruder etc. to cause the elastomer component (B) to disperse as a dispersed phase (domain) into the ther- 
moplastic resin forming the continuous phase (matrix). When vulcanizing the elastomer, the vulcanization agent and if 
necessary vulcanization aid may be added while mixing to cause the elastomer component to dynamically vulcanize 
» Var '° US com P° undin 0 a 9 ents (except the vulcanization agent) may be added to the thermoplastic resin or 

the elastomer component during the above mixing, but are preferably mixed before the mixing. The kneader used for 
mixing the thermoplastic resin component and the elastomer component is not particularly limited, but a screw extruder 
kneader. Banbury mixer twin-screw kneader/extruder. etc. may be mentioned. Among these, for mixing a thermoplastic 
resin component and elastomer component and for the dynamic vulcanization of the elastomer component a twin- 
screw kneader/extruder is preferably used. Further, it is possible to use two or more types of kneaders and successively 
perform mixing. As the conditions for the melt mixing, the temperature should be at least the temperature at which the 
thermoplastic resin component melts. Further, the shear rate at the time of mixing is preferably 500 to 7500 sec" 1 The 
time for the overall mixing is from 30 sec to 10 minutes. Further, when adding a vulcanization agent, the vulcanization 
time after addition is preferably from 15 sec to 5 minutes. The thermoplastic elastomer composition produced by the 

^l 55 15 " eXt form6d int0 3 film by «* U8i ° n or calendaring. The method of forming the film may be a usual 
method for forming a film from a Ihermoplastic resin or thermoplastic elastomer 

Note that the vulcanization agent, vulcanization aids, vulcanization conditions (temperature and time) etc in the 
^-TT vulcanization ™y be suitably determined depending upon the composition of the elastomer compo- 
40 nent added and are not particularly limited. 

As the vulcanization agent, a general rubber vulcanization agent (cross-linking agent) may be used. Specifically as 
a sulfur vulcanization agent, powdered sulfur, precipitated sulfur, high dispersion sulfur, surface treated sulfur insoluble 
sulfur, dimorpholine disulfide, alkylphenol disulfide, and others may be mentioned. For example, they may be used in 
amounts of about 0.5 to 4 phr (parts by weight per 100 parts by weight of rubber component (polymer)) 
<s Further, as an organic peroxide vulcanization agent, benzoyl peroxide, t-butyl hydroperoxide. 2,4-bichlorobenzoyl 
peroxide 2^-d.methyl-2.5^i(t-butylperoxy)hexane, 2.5-dimethylhexane-2.5-di(peroxylbenzoate), etc. may be men- 
tioned and. for example, may be used in amounts of 1 to 20 phr. 

Further, as a phenol resin vulcanization agent, a bromide of an alkylphenol resin or a mixed cross-linking system 
containing stannous chloride, chloroprene. or another halogen donor and an alkylphenol resin may be mentioned and 
so used in for example an amount of 1 to 20 phr. 

In addition, zinc white (about 5 phr). magnesium oxide (about 4 phr). litharge (about 10 to 20 phr). p-quinoneoxime 
p-d.benzoylqu.noneox.me. tetrachloro-p-benzoquinone. poly-p-dinitrosobenzene (about 2 to 10 phr). and methylenedi- 
anilme (about 0.2 to 10 phr) may be mentioned. meiny.enea. 

Further, optionally, a vulcanization accelerator may be added. As the vulcanization accelerator an aldehyde- 
55 ammonia guanidine. thiazole. sulfanamide, thiuram. dithio carbamate, thiourea, or other general vulcanization acceler- 
ator may be used in an amount, for example, of about 0.5 to 2 phr. ~ 

Specifically, as an aldehyde-ammonia vulcanization accelerator, hexamethylene tetramine etc.. as a guanidine vul- 
canization accelerator, diphenyl guanidine etc.. as a thiazole vulcanization accelerator, dibenzothiazyl disulfide (DM) 



so 



25 



30 



35 



20 



BNSDCXJID: <EP 0857761A1 I > 



EP 0 857 761 A1 



2-mercaptobenzothiazole and its Zn salt, cyclohexylamine salt, etc., as a sulfenamide vulcanization accelerator, 
cyclohexylbenzothiazyl sulfenamide (CBS), N-oxydiethylene benzothiazyl-2-sulfenamide, N-t-butyl-2-benzothia- 
zolesulfenamide, 2-(thymolpolynyldithio)benzothiazole, etc., as a thiuram family vulcanization accelerator, tetramethyl- 
thiuram disulfide (TMTD), tetraethylthiuram disulfide, tetramethylthiuram monosurfide (TMTM), 
5 dipentamethylenethiuram tetrasutfide, etc., as a dithio acid salt vulcanization accelerator, Zn-dimethyl dithiocarbamate. 
Zn-diethyl dithiocarbamate, Zn<li-n-butyl dithiocarbamate, Zn-ethylphenyl dithiocarbamate, Te-diethyl dithiocarbamate, 
Cu-dimethyl dithiocarbamate, Fe-dimethyl dithiocarbamate, pipecolinepipecoryl dithiocarbamate, etc.. and as a thiou- 
rea family vulcanization accelerator, ethylene thiourea, diethyl thiourea, etc. may be mentioned. 

Further, as a vulcanization acceleration aid, any aid generally used for rubber, may be used together. For example, 
w zinc white (about 5 phr), stearic acid or oleic acid and their Zn salts (about 2 to 4 phr) etc. may be used. 

The thin film thus obtained has a structure of a continuous phase (matrix) of the thermoplastic resin components 
(A) and (C) in which at least part of an elastomer component (B) is dispersed as a discontinuous phase (domain). 

By adopting such a dispersed structure, it is possible to impart a balance of flexibility and air permeation preventive 
property and obtain effects derived from rubbery elasticity such as an improvement of resistance to heat deformation 
15 and improvement of water resistance. Further, since processing like a thermoplastic resin becomes possible, it is pos- 
sible to form a film by an ordinary resin-use shaping machine such as by extrusion or calendaring. 

Further, as a separate process of the present invention, the production process of a thermoplastic elastomer com- 
position constituting the gas (air) permeation preventive layer comprised of the thermoplastic resin component (A) and 
elastomer component (B) comprises following the same method and conditions as above to melt knead the thermoplas- 
20 tic component (A) and elastomer (in the case of a rubber, unvulcanized) component (B) by a twin-screw 
kneader/extruder etc. then forming it into a film. 

The thin film thus obtained has a structure of a continuous phase (matrix) of the thermoplastic resin component (A) 
in which the elastomer component (B) is dispersed as a discontinuous phase (domain). 

Further, the adhesiveness imparting composition of the component (C) may be mixed and formed alone in the 
25 same way as the above composition to form a film. In the case of a single composition, it may be formed into a film as 
it is by a resin-use extruder and provided between the air permeation preventive layer and the rubber composition layer 
facing at least one of the surfaces of the same to form a laminate structure. 

Further, as another mode of the process for formation of a laminate of the gas (air) permeation preventive layer 
comprised of the components (A) and (B) and the adhesiveness imparting layer comprised of the component (C), it is 
30 possible to simultaneously extrude the gas (air) permeation preventive layer composition and the adhesiveness impart- 
ing layer composition separately using separate resin-use extruders and provide a common sheeting die at the fronts 
of the two extruders to form a double layer film so as to obtain a double layer film joined in advance and use this as the 
laminate sheet for forming the tire. 

Explaining the process of producing a pneumatic tire having an air permeation preventive layer comprised of a thin 
35 film of a thermoplastic elastomer composition according to the present invention taking as an example the case where 
the inner liner layer 3 is disposed at the inside of the carcass layer 2, in a first mode, the thermoplastic elastomer com- 
position of the present invention ((A)+(B)+(C)) is extruded into a thin film of a predetermined width and thickness and 
wrapped as a cylinder over a tire shaping drum. Further, as a second mode, the thermoplastic elastomer composition 
((A)+(B)) constituting the air permeation preventive layer of the present invention and the thermoplastic resin or thermo- 
40 plastic resin composition (C) constituting the adhesiveness imparting layer are extruded into thin films of the predeter- 
mined widths and thicknesses and wrapped as cylinders over the tire shaping drum. In both modes, a carcass layer 
comprised of the unvulcanized rubber, a belt layer, a tread layer, and other members used for producing usual tires are 
successively superposed, then the drum is pulled out to obtain a green tire. Next, the green tire is heated and vulcan- 
ized by an ordinary method to produce the desired lighter weight pneumatic tire. Note that a similar procedure may be 
45 followed when providing the air permeation preventive layer at the outer periphery of the carcass layer as well. 

While the thermoplastic elastomer composition and process of production and the tire of the present invention were 
explained above, the present invention is not limited to these examples. Various improvements and modifications may 
of course be made in the range not out of the gist of the invention. 

The gas permeation preventive layer according to the present invention has an air permeation coefficient of not 
so more than 25 x 1 0" 12 cc • cm/cm 2 • sec • cmHg, preferably not more than 5 x 1 0" 12 cc • cm/cm 2 • sec • cmHg. By making 
the air permeation coefficient not more than 25 x 10* 12 cc • cm/cm 2 • sec • cmHg, it is possible to reduce the thickness 
of the gas (air) permeation preventive layer to less than one-half the thickness of a conventional air permeation preven- 
tive layer. 

On the other hand, the Young s modulus is 1 to 500 MPa. preferably 10 to 300 MPA, and the thickness 0.02 to 1 .0 
55 mm, preferably 0.05 to 0.5 mm. If the Young's modulus is less than 1 MPa. wrinkles occur during the shaping of the tire 
etc. and the handling becomes difficult, while conversely if more than 500 MPa. the layer is unable to follow deformation 
of the tire during tire use. 

According to a sixth aspect of the present invention, there is provided a rubber and thermoplastic elastomer lami- 
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If the amount Wended is smal.er than f£ me dLrld resltence ^ ° ° 1 * ° * P " rt by Wei9hl 

flexing of the rubber and thermoplastic elastomeMLSr^™ ^ « detenorat.on and resistance to splitting upon 
acer^er^ 

compounds and halogenated poSumT a J S m!' | ~ pr,C ^ uo " de ' , and ™*"es of these halogenated copper 
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hydroxyphenyl) benzylbenzene, 1 .3.5-tris(4-hydroxy-3 ( 5-di-t-butylbenzyl)-S-triazine-2,4,6-(1 H,3H,5H)-trione, ethyl- 
eneglycol-bis-[3,3-bis(3'-t-butyl-4-hydroxyphenyl)butyrate], tetrakis[methy(ene-3(3,5-di-t-butyl-4-hydroxyphenyl)propi- 
onatejmethane, 3,9-bis[2-{3-(3-t-butyl-4-hydroxy-5-meth^ 

spiro[5,5]undecane, 1,6-hexanediol-bis[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate], triethyleneglycol-bis[3-(3-t-butyl- 

5 5-methyl-4-hydroxyphenyl)propionate], N.N'-hexamethylenebisfS.S-di-t-butyl^-hydroxycinnamamide), N,N'-bis[3-(3.5- 
di-t-butyl-4-hydroxylphenyl)propionyl] hydrazine, Z^-oxamide-bis-ethyl-StS.S-di-t-butyl^-hydroxyphenylJpropionate, 
2,2'-methylene-bis(4-methyl-6-t-btf^ l,3,5-tris[(3,5-di-t-butyl-4-hydroxyphenyl)propionyloxye- 
thyljisocyanulate, 2.2-thicriiethylenebis[3-(3,5-di-t-b^^^ and 2,2-bis[4-{2-(3,5-di-t-butyl- 

4-hydroxyhydrocinnamoyloxy)}ethoxyphenyl]propane may be mentioned. 

io Further, as the hindered amine, dimethyl succinate- 1-(2-hydroxyethyl)-4-hydroxy-2,2,6,6-tetramethylpiperi- 
dine condensate, poly[{6-(1 ,1 ,3,3)-tetramethylbutyl)imino-1 ,3,5-triazine-2 f 4-diyl}{2,2,6,6-tetramethyl-4-piperi- 
dyl)imino}hexamethylene{(2,2 f 6,6)-tetramethyl-4-piperidyl)imino}], 2-[3,5-di-t-butyl-4-hydroxybenzyl)-2-n-butyl- 
malonate bis(1 ,2,2,6,6-pentamethyl-4-piperidyl), N,N-bis(3-aminopropyl)ethylenediamino-2,4-bis[N-butyl-N-(l ,2,2,6,6- 
pentamethyl-4-piperidyl)amino]-6-chloro-1,3,5-triazine condensate, etc.; while as the aromatic amine, phenyl-p-naph- 

75 thylamine, phenyf-a-napthylamine, 1,2<Jihydro-2,2,4-trimethylquinoline, p-ethoxy-1 ,2-dihydro-2,2,4-trimethyl -quino- 
line, N-N'-diphenyl-p-phenylenediamine, N-isopropyl-N'-phenyl-p-phenylenediamine, diallyl-p-phenyl-enediamine, N- 
phenyl-N'-(1 f 3dimethylbutyl)-p-phenylenediamine, etc. may be mentioned. 

As the crystalline nucleating agent in the additives (ii). inorganic particulate matter (for example, talc, silica, and 
graphite), metal oxides (for example, magnesium oxide and aluminum oxide), oligomers (for example, caprolactam dim- 

20 ers), high melting point nylon (having melting points of more than 200°C, for example, nylon 6, nylon 66, nylon 6/66, 
nylon 6T, nylon 22, and nylon 46), carboxylic acids (for example, adipic acid and benzoic acid), carboxylic acid amides 
(for example, succinamide, malonamide. and phthalamide), carboxylic acid metal salts (for example, sodium adipate 
and sodium benzoate). higher alcohol waxes (for example, cetyl alcohol, stearyl alcohol, and oleyl alcohol), etc. may be 
used. 

25 Further, as the crystallization prevention agent, lithium chloride, lithium bromide, lithium fluoride, etc. may be effec- 

tively used. 

When the solubilities of the above specified polyamide family thermoplastic resin and elastomer component in the 
thermoplastic elastomer composition used for the present invention differ, it is preferable to use as a suitable cornpati- 
bilizer to make the two components soluble with each other. By mixing a compatibilizer, the surface tension between 

30 the polyamide thermoplastic resin and the elastomer component falls and. as a result, the particle size of the elastomer 
forming the dispersed phase will become finer, and therefore the properties of the two components will be more effec- 
tively expressed. As such a compatibilizer, generally it is possible to use a copolymer having the structure or both or 
one of the polyamide thermoplastic resin and elastomer component or a structure of a copolymer having an epoxy 
group, carbonyl group, halogen group, amine group, oxazoline group, hydroxy group, etc. readable with the polyamide 

35 thermoplastic resin or elastomer component. These may be selected according to the type of the polyamide thermo- 
plastic resin and elastomer component to be mixed, but as the ones which are normally used, a styrene/ethylene/buty- 
lene block copolymer (SEBS) and its maleic acid modified form, EPDM. EPDM/styrene, or EPDM/acrylonrtrile graft 
copolymer and their maleic acid modified forms, styrene/maleic acid copolymer, reactive phenoxy thermoplastic resin, 
etc. may be mentioned. The amount of the compatibilizer blended is not particularly limited, but preferably is 0.5 to 10 

40 parts by weight, based upon 100 parts by weight of the polymer component (total of the polyamide thermoplastic resin 
and elastomer component). 

The material of the rubber layer in the rubber and thermoplastic elastomer laminate of the present invention is not 
particularly limited and may be made any rubber material generally used as a tire use rubber material in the past. Exam- 
ples of such a rubber, are a rubber composition comprising NR, IR, BR, SBR, NBR, and other diene rubbers, butyl rub- 
45 bers, halogenated butyl rubbers, halides of isoprene-P-methylstyrene copolymers, ethylene-propylene copolymer 
rubber (EPM), ethylene-propylene-diene trimer rubber (EPDM), CR, CHR, CHC. CM, CSM, and other chlorine rubbers, 
styrene elastomers, etc. in which carbon black or other reinforcing agents, process oil and other softeners, plasticizers, 
vulcanization agents, vulcanization aids, antioxidants, processing aids, and other compounding agents are added. 
The production process of the thermoplastic elastomer composition (A) in the present invention comprises melt- 
so mixing a polyamide thermoplastic resin and elastomer component (in the case of a rubber, unvulcanized) in advance 
by a twin-screw knead er/extruder etc. to cause the elastomer component and. during the mixing or before the kneading, 
adding at least one compound selected from (i) a copper halide, hindered phenol, hindered amine, and aromatic amine. 
Further, when necessary, a (ii) crystalline nucleating agent or crystallization prevention agent is added simultaneously 
with or successively after the (i). In this way, the elastomer component and the component (i) alone or the component 
55 (i) and the component (ii) are dispersed in the polyamide resin forming the continuous phase (matrix). When vulcanizing 
the elastomer component, the vulcanization agent and, if necessary, the vulcanization aid, may be added while mixing 
to cause the elastomer component to dynamically vulcanize. Further, the various compounding agents (except the vul- 
canization agent and vulcanization aid) may be added to the polyamide thermoplastic resin or the elastomer component 
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during ttie above mixing, but are preferably mixed before the mixing. The kneader used for mixing the polyamide ther 
moplastc res.n component and elastomer component and the additive component (i) or comZente Ki^ 

^ZT^T 3 r^ 6 ' Kneader ' ™ er - twirvsc.eX.eaderJe^r'etc ^ bTSSSJ 

Among these, for mixing the polyamide thermoplastic resin component and elastomer composition oSSSS 
addrt.ve component (.) or components (i) and (ii) and for the dynamic vulcanization of the 22£m t^SSSt 
screw kneader/extruder is preferably used. Further, it is possible to use two or moretypes llSSZ^SZlSSZ 
perform m,x,ng. As the conditions for the melt mixing, the temperature shoutd be at KftTSSSSlSSS Tthe 
pdyam,de thermoplastic resin metts. Further, the shear rate at the time of mixing is prefer^! s£ 

a n e ^norZr P,a l C l' aSt0m . er COmposrtion according to the present invention may further have mixed therein any 

SSSH ?SS22.'2T f ° r, ™; la,i0n ^ 35 3 fi " er (Ca,Cium Ca *° nate - ^ oxide - alumna SetcT 
fff, h !f J ' and Wher re,ntorc .ng a 9ents. softeners, plasticizers. processing aids pigments dves and 

SeT Sh a iSr a S rin9 reqUirementS 01 * e * permeatio'n ILw^T^ST 
w ' w 6 elastomer component is being mixed with the thermoplastic resin the elastomer conux,- 

t^\^ y TT y : UiCaniZ ^ ^ vu,canization agents, vulcanization ^vuic«JL^!K^S 
ture and time), etc. when dynam.cally vulcanizing the elastomer component may be suitably selected deoend n^S, 
the composrtton of the elastomer component added and are not particularly BmriecT depend.ng upon 

As the vulcanization agent, a general rubber vulcanization agent (cross-linking agent) may be used Specifically as 
a sulfur vulcanization agent, powdered sulfur, precipitated sulfur, high dispersion suffur suX treated sUteMiZ 

r^n ^ r^ ; 2 f 1 y m ° | P° | y n yW l th,o) benzothiazole, etc. may be mentioned and may be used in amounte of 
about 0^5 to 4 phr (parts by we,ght per 100 parts by weight of rubber component (polymer)) 

M^S^mSSS^ ^T*™ a96nt ' ben2 °" P-««* t-buty. hydroperoxide. 2.4-bichlorobenzoy. 
perowde 2 5-dimethyl-2.5<l.(t-butylperoxy)hexane. 2,5-dimethylhexane-2.5-di(peroxylbenzoate) etc mav h* mon 
Honed and tor example may be used in amounts of 1 to 20 phr yoenzoate). etc. may be men- 

Further as a phenol resin vulcanization agent, a bromide of an alkylphenol resin or a mixed cross-linkino system 
In addrt,on. zinc white (about 5 phr). magnesium oxide (about 4 phr). litharge (about 10 to 20 phr) o-ouinoneoxime 
Further, a vulcanization accelerator may be-Qptionafly added. As the vulcanization accelerator an aldehyde-ammo 
Specifically as an aldehyde-ammonia vulcanization accelerator, hexamethylene tetramine etc as a ouanidine vul 

£ ^ ^^^^ as a Nation £LZ£Z£Z 

Zjjj; ,, e . HWTD). tetraethylthiuram disulfide. tetramethytthiuram monosulfide (TMTM) 
2SSS^ ran ! t Tl Ul " de - 6tC - 35 3 dithi ° acid salt ""canization accelerator. Zn^imethyl diWocaSamaTi' 

^fS^ f !, VU Jf aniZafo " acceleration aid. a general rubber use aid may be used together For example zinc 
whrte(about 5 phr). stearic acd or oleic acid and their Zn sate (about 2 to 4 phr) etc. may be used 

a film^he 'SHHZ Z °? 1 mposition < A > P'W 1 by the above process is next extruded or' calendared to form 
^JuEST " 9 ^ ,,,m bS 3 PrOCeSS for formi " 9 a ' i,m ,rom a thermoplastic resin oftnerm" 

«*J3£l? ,i 'T t H US . f bt3ined HaS 3 StmCture ° f a Cor1tinuoiJS P"ase (matrix) of the polyamide thermoplastic resin 
STEEL ™ 3 01 a " elaSt ° mer "-"P™** is *P«- as a discontinuous pLse (do3) Fu^er 

the additive component (.) or components (i) and (ii) are dispersed uniformly in the continuous t*E»E^EZ' 
tinuous phase. By adopting such a dispersed structure, rt is possible to impart a balance of Sft andla^ ^ ™ 
t.onpreventve property to the film. Since the elastomer component is dispel aS^t^fe^fSSSi 
effects such as an improvement of resistance to heat deformation and^mprovemeSTsoS J2JSS^2S 
resistance and. also, through blending of the additive component (i) and the cn^tT^S^E^^E 
zaton prevents agent (ii). improvement of the resistance to heat deterioratlor "and a gS d,X^S?£ 
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improvement of the resistance to splitting upon flexing due to vibration fatigue. Further, since the polyamide family ther- 
moplastic resin serves as a continuous phase which covers the dispersed phase of the elastomer component, process- 
ing like a polyamide thermoplastic resin becomes possible, so it is possible to form a film by an ordinary resin-use 
shaping machine such as by extrusion or calendaring. 

5 Explaining the process of producing a pneumatic tire having an air permeation preventive layer comprised of a thin 

film of the thermoplastic elastomer composition (A) according to the present invention, the thermoplastic elastomer 
composition (A) mixed as explained above is extruded into a thin film of a predetermined width and thickness and 
wrapped as a cylinder over a tire shaping drum. A carcass layer comprised of the unvulcanized rubber, a belt layer, a 
tread layer, and other members used for producing usual tires are successively superposed, then the drum is pulled out 

10 to obtain a green tire. Next, the green tire is heated and vulcanized by an ordinary method to produce the desired lighter 
weight pneumatic tire with the resistance to heat deterioration and resistance to splitting upon flexing. Note that a sim- 
ilar procedure may be followed when providing the air permeation preventive layer at the outer periphery of the carcass 
layer as well. The material of the rubber layer which to air permeation preventive layer of the present invention is bonded 
with is not particularly limited and may be made any rubber material generally used as a tire use rubber material in the 

15 past (for example, a rubber composition comprising NR, IR, BR, SBR, and other diene rubbers, halogenated butyl rub- 
bers, ethylene-propylene copolymer rubbers, styrene elastomers, and the like in which carbon black, process oil, vul- 
canization agents, and other compounding agents have been added). 

According to a seventh aspect of the present invention, there is provided a pneumatic tire provided with at least at 
part of the innermost surface or outermost surface of the tire, through at least one layer of a black-concealing layer hav- 

20 ing a light reflectance of at least 1 5%, a resin film layer comprised of a thermoplastic resin as a main ingredient and 
colored white or another color. 

Since a resin film layer colored white or another color is provided as a colored layer at the innermost surface or out- 
ermost surface of the tire in this way, it becomes possible to easily obtain various information since it is possible to sim- 
ply and easily recognize meaning from the coloring by just viewing the coloring. 

25 Further, since the resin film layer is provided through a black-concealing layer with a light reflectance of at least 

15%, the black of the rubber layer constituting the tire is kept from standing out through the resin film layer and it is pos- 
sible to keep the coloring clear, without having to make the thickness of the resin film layer greater. 

Further, it becomes possible to lighten the tire since the resin film layer does not have to be made greater in thick- 
ness. 

30 In the pneumatic tire of the present invention shown in Fig. 4, a white or other colored resin film layer 7 comprised 
mainly of a thermoplastic resin is provided over the entire innermost surface of the tire 5 through a black-concealing 
layer 6 of a light reflectance of at least 15% and constitutes the inner liner (air permeation preventive layer). This resin 
film layer 7 may be also provided partially at suitable locations of the innermost surface of the tire (for example, coloring 
the inner surface crown portion in a ribbon manner). Further, it is possible to provide the resin film layer 7 and add word- 

35 ing or patterns to the surface of the same according to need. 

On the other hand, the resin film layer 7 may be provided over the entire outermost surface of the tire, for example, 
the entire surface of the side wall portion 8 as shown in Fig. 5, through a black-concealing layer 6. Further, as shown in 
Fig. 6, it is possible to provide a resin film layer 7 forming patterns, words, etc. through a black-concealing layer 6 on 
part of the surface of the side wall portion 8. When providing a resin film layer 7 in this way, it is preferable that the pat- 

40 terns, words, etc. project out from the surface of the rest of the side wall portion. Further, as shown in Fig. 7, it is pos- 
sible to provide the resin film layer 7 through a black-concealing layer 6 at part or all of a groove surface (groove side 
walls and groove bottom) of grooves 1 0 formed in the tread portion 9. To provide it at the groove surface in this way, the 
tread surface of the green tire may be covered by the resin film layer 7 through a black-concealing layer 6 and then the 
tread surface polished. Note that when providing it at the groove surface in this way, it is also possible to provide the 

45 resin film layer 7 at just the slip sign portion showing the degree of wear or the 50% limit indicator portion of snow tires. 
As shown in Fig. 8, however, when providing the resin film layer 7 through a black-concealing layer 6 over the inner- 
most surface or outermost surface 11 of a tire, the incident light will partially reflect back at the innermost surface or 
outermost surface 1 1 of the tire (light 12), partially reflect back at the black-concealing layer 6 (light 13), and partially 
reflect back at the resin film layer 7 (light 1 4). In the present invention, the light reflectance of the black-concealing layer 

so 6 is made at least 1 5%. If the light reflectance is made at least 1 5%, the black-concealing layer 6 will cover and conceal 
the black of the underlying portion (innermost surface or outermost surface 1 1 of tire) and keep that black from standing 
out through the resin film layer 7. Making the light reflectance at least 15% is easily achieved by including a pigment 
and/or dye in the black-concealing layer 6. To making the black-concealing layer 6 white, a white filler or a white pig- 
ment, particularly titanium oxide, zinc white, lead white, or zinc oxide are good, more preferably titanium dioxide (T1O2) 

55 with its strong concealing power and coloring power, may be mentioned. For example, it is sufficient to include titanium 
dioxide in an amount of at least 0.5% by weight, more preferably 0.5 to 10% by weight. Further, there is also the method 
of making the black-concealing layer 6 colored for concealing purposes. This may be done by adding an organic or inor- 
ganic pigment, for example, copper phthalocyanine blue, disazo yellow, quinacridone red. yellow lead, Prussian blue. 



25 

BNSDOCIO: <EP 0857761Al_L> 



EP 0 857 761 A1 

£ iSerT 0 ' ° f CO ' 0red b ' aCk - COnCea,in9 layer 6 however is ™ e P^erably the same color system as the resin 
At least one layer of the black-concealing layer 6 is interposed. That is. several layers may be optionally provided 
1h2 ZT^ e t0 C ° nCeal the WaCk ° f the undertayer - black-conceaSg layer 6 ii£KKSE 
SSTZ l Cky .' ayer 5 etween » e underia y er ^ resin layer film 7. The black-concealing layer 6 formib^ 

the resin film layer 7 or tie surface of the carcass layer (when forming it on the inner surface of the tire) 

The resin f.lm layer 7 may be colored white or a red. blue, green, or other color, for example, red yeUowish red vel- 

5JttJS2i?ri-Sr WU6 H 9 H eea ""f • b ' UiSh PUrP ' e - PUrP ' e - r6ddiSh pur P' e - ete ThTse cotors rn^be S 

SXSJSTliSSr?" ^ 01 CO ' 0rS TOy be SUit3b,y ad ' usted «**"0 may be not only single 
coloring but also combinations of a number of colors. 7 a 

As the identifying information included in the coloring, the (a) rim diameter, (b) tire front and rear lc) direct™ m ««, 

of cord of belt layer, carcass layer, etc.). (h) interchangeable tire sizes, (i) associated car names and other usaae E 
mation. specrf.cat.on information, and recycling information may be mentioned 9 

hi. J? ' e3amP i!' £ iS P0SSib,e t0 Gha " 9e the COlor for rim diameter to P reve "t erroneous mounting to show dura- 

for temporary use tires so as to enable the consumer to easily select the tires of the desired performance at sto^s and 
prevent mistaken use; show air retention by using white for spare tires to prevent mistaken use Th™ e m^riLTuS 
by using red for steel coids and white for none; and make tires with recyclable treads yellow to saveTabor mlhelmTof 

^^iLT^^l^TJ^^ ° f u t0 500 MPa ' Preferably 1 ° *° 300 MPa * *• air P«™*«on coef- 
uZL i. ? 25 x 10 12 cc • cm/cm 2 . sec • cmHg. it is necessary to make the thickness of the air permeation pre- 

of tteti SrST 123" t0 r6t !S If ^ Pr6SSUre * " l * h mnS COunter to ,he * «£5 me weS 

thi ch!^.^ . w Young s modulus is less than 1 MPa. wrinkles etc. will occur at the time of shaping the tire and 
the shapeabihty will drop, while if over 500 MPa. problems will occur in the durability. 9 
fNd^^TS^ ;esin for example, polyamide resins (for example, nylon 6 (N6). nylon 66 (N66). nylon 46 
V (N1 ,V: ny ' 0n 12 (N12)> nyl °" 610 (N610 >' n * ,on 612 (N612). nylon 6/66 copolymer Ss) nylon 
COp P' ymer ( N6/ 66/610). nylon MXD6 (MXD6), nylon 6T. nylon 6/6T copolymer nylon 66^Pcopolvmer nS 
1ST! TS" W) T d th6ir ** ^ a "P'e. a methoxymethylate Sl-nyton a ^ZSSSS^ 

610-nylon and a methoxymethylate of 612-nylon, polyester resins (for example, polybutylene tereprSteSS? Dd 

ZEEL t^Tr^ZT*"* isophtha,ate (PE,) - PET/PEI ^^^^Tp^^L 

naphthalate (PBN) (quid crystal polyester, polyoxyalkylene diimidodiacid/polybutylene terephthalate copolymeV anS 
other aromatic polyesters), polynitrile resins (for example, polyacrylonitrile (PAN) . polynWcrWo-SS 

22STiSS ,n-r (A 5 methaCryl ° nitrile/Styrene «P«-W. ™ethaayLJe/s?^ 

p^y(me*,a)acryla e res,ns (for examp.e, polymethyl methacrylate (PMMA). polyethy. methacrylate). polSS 

2? h ( ^^T^ V ' nyl aCetate ' t***'"* a,coh01 (PVA >' a'cono^ethylene copolymer (EVOH) po^yvin^idene 
2E£2 ' "TT* Ch, ° ride (PVC)> ^ c h'°"^nylidene ch.oride co^^^^e^^S^. 
ylate copolymer), cellulose resins (for example, cellulose acetate and cellulose acetate buVyrate) fluorineTesinslfor 

ZSZtiZZ?*?™ ""J* ^ (PVF) " P^n'orofluoroethylene JSn^^SSStJ 

ateo S22 ! r6S,nS (f ° r 6XamP,e ' ar ° matiC P0,yimk,e (PI))l 6tC TOy be me " tioned - i*» or ^7may 

also SnSSt" ^ r6Sin ,i,m ^ ?< S fi ' m ° btained ^ mixin9 Sn e ' aSt0mer With the ■»«• thermoplastic resin may 

a state L^fuT COmp ° ne " t ma y te blended with the thermoplastic resin, any which forms a composition in 
a state blended wrth a thermoplastic resin component and. as a result, has the above air permeation coeSdemand 
Young's modulus may be used. The type and amount are not particularly limited coefficient and 

As the elastomer mixed with the thermoplastic resin, for example, diene rubbers and their hydrogenates (tor exam 
55m J? ef T" at t natural rubbe '- SBR - ^ (high cis BR and low cis BR), NBR. hydrogenaS ZT£ %XZi 

tnl ^25 "iSSS ^R^2L^ yle r PrOPy,ene mbb6r (EPDM and EPM) ' a ^-modrfied elrSpropyf- 

ene rubber (M-EPM) . MR. isobutylene and aromatc vinyl or diene monomer copolymers), acryl rubber (ACM) iono- 

rBMPMirc e sz?r n ^ u ^2° r examp,e - bm,r - cn,r - a br ° mide ° f ku«4jksss %2*szz 

(Br-IPMS CRhydrm rubbers (CHR and CHC). chlorosurfonated polyethylene (CSM). chlorinat ed polvethvlenV ST 

tM SS^Sf «£T S° ly ? y1e,ie (M - CM>) - Si ' iCOne rUbb6r (fo " ^ ^hS^Sn^oe" die- 
thyl silicone rubber, methylphenylvinyl silicone rubber), sulfur-containing rubbers (for example, polysuffide rubber)! 
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fluororubber (for example, vinylidene fluoride rubbers, fluorine-containing vinylether rubbers, tetrafluoroethylene-pro- 
pylene rubbers, fluorine-containing silicone rubbers, fluorine-containing phosphagen rubbers), thermoplastic elastom- 
ers (for example, styrene elastomers, olefin elastomers, ester elastomers, urethane elastomers, and polyamide 
elastomers), etc. may be mentioned. Two or more types may be used. 

5 When the solubilities of the above specified thermoplastic resin and elastomer component differ, it is preferable to 

add as a third component a suitable compatibilizer. By mixing a compatibilizer into the system, the surface tension 
between the thermoplastic resin and the elastomer component falls and, as a result the particle size of the rubber form- 
ing the dispersed phase will become finer, and therefore, the properties of the two components will be more effectively 
expressed. As such a compatibilizer, generally it is possible to use a copolymer having the structure or both or one of 

io the thermoplastic resin and elastomer component or a structure of a copolymer having an epoxy group, carbonyl group, 
halogen group, amine group, oxazoline group, hydroxy group, etc. reactable with the thermoplastic resin or elastomer 
component. These may be selected according to the type of the thermoplastic resin and elastomer component to be 
mixed, but as the ones which are normally used, a styrene/ethylene/butylene block copolymer (SEBS) and its maleic 
acid modified form, EPDM: EPDM/styrene. or EPDM/acrylonitrile graft copolymer and their maleic acid modified forms, 

15 styrene/maleic acid copolymer, reactive phenoxy thermoplastic resin, etc. may be mentioned. The amount of the com- 
patibilizer blended is not particularly limited, but preferably is 0.5 to 1 0 parts by weight, based upon 1 00 parts by weight 
of the polymer component (total of the thermoplastic resin and elastomer component). 

The ratio of composition of the specific thermoplastic resin (A) and elastomer component (B) when blending a ther- 
moplastic resin and elastomer is not particularly limited and may be suitably determined by the balance of the thickness 

20 of the film, air permeation preventive property, and flexibility, but preferably the range is. in terms of the ratio of (A)/(B), 
10/90 to 90/10, more preferably 15/85 to 90/10. 

The polymer composition of the present invention (resin film layer 30) may have mixed therein, in addition to the 
above essential polymer component, the above compatibilizer polymer and other polymers to an extent not impairing 
the properties required by the tire use polymer composition of the present invention. The objects of mixing in the other 

25 polymers are to improve the compatibility of the thermoplastic resin and elastomer component, to improve the film form- 
ing ability of the material, to improve the heat resistance, and to reduce costs. As the materials used for these, for exam- 
ple, polyethylene (PE), polypropylene (PP). polystyrene (PS). ABS, SBS. polycarbonate (PC), etc. may be mentioned. 
Further, polyethylene, polypropylene, and other olefin copolymers, their maleic acid modified forms, and glycidyl group 
introduced forms may be mentioned. The polymer composition according to the present invention may also have mixed 

30 in it agents generally mixed into polymer formulations such as fillers, carbon black, quartz powder, calcium carbonate, 
alumina, and titanium oxide to an extent not impairing the requirements of the air permeation coefficient and Young's 
modulus. 

Further, the elastomer component may be dynamically vulcanized when being mixed with the thermoplastic resin. 
The vulcanization agent, vulcanization aids, vulcanization conditions (temperature and time), etc. at the dynamic vul- 
35 canization may be suitably determined depending upon the composition of the elastomer component added and are not 
particularly limited. 

As the vulcanization agent, a general rubber vulcanization agent (cross-linking agent) may be used. Specifically, as 
a sulfur vulcanization agent, powdered sulfur, precipitated sulfur, high dispersion sulfur, surface treated sulfur, insoluble 
sulfur, dimorpholine disulfide, alkylphenol disulfide, and others may be mentioned. For example, they may be used in 
40 amounts of about 0.5 to 4 phr (parts by weight per 1 00 parts by weight of rubber component (polymer)). 

Further, as an organic peroxide vulcanization agent, benzoyl peroxide, t-butyl hydroperoxide, 2,4-bichlorobenzoyl 
peroxide, 2,Te-diethyl dithiocarbamate, Cu-dimethyldithiocarbamate, Fe-dimethyl dithiocarbamate, pipecolinepipecoryl 
dithiocarbamate, and as a thiourea family vulcanization agent, ethylene thiourea, diethyl thiourea, etc. may be men- 
tioned. 

45 Further, as a vulcanization accelerator, a conventionally used rubber aid may be used together. For example, zinc 
white (about 5 phr), Zn salts of stearic acid and other fatty acids (about 2 to 4 phr) etc. may be used. 

The production process of the thermoplastic elastomer composition comprises melt-kneading a thermoplastic resin 
component and elastomer component (in the case of a rubber, unvulcanized) by a twin-screw kneader/extruder etc. to 
cause the elastomer component to disperse as a dispersed phase (domain) into the thermoplastic resin forming the 

so continuous phase (matrix phase). When vulcanizing the elastomer component, the vulcanization agent may be added 
while mixing to cause the elastomer component to dynamically vulcanize. Further, the various compounding agents 
(except the vulcanization agent) may be added to the thermoplastic resin or the elastomer component during the above 
mixing, but are preferably mixed before the mixing. The kneader used for mixing the thermoplastic resin and the elas- 
tomer component is not particularly limited, but a screw extruder, kneader, Banbury mixer, twin-screw kneader/extruder, 

55 etc. may be mentioned. Among these, for mixing a thermoplastic resin and elastomer component and for the dynamic 
vulcanization of the elastomer component, a twin-screw kneader/extruder is preferably used. Further, it is possible to 
use two or more types of kneaders and successively perform mixing. As the conditions for the melt mixing, the temper- 
ature should be at least the temperature at which the thermoplastic resin melts. Further, the shear rate at the time of 
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rXJSSES^i T S6C / Th < f ^ ^ ^ Wera " mixin9 iS fr0m 30 sec to 10 ^rther. when adding 

Si^^SJS k £ ' ! VU,Can,za,,on tme after addition is Preferably from 1 5 sec to 5 minutes. The polymer compo 
srtion produced by the above process ,s next formed into a sheet-like film by extrusion or calendaring The methcd of 
formmg the f ,lm may be a method for forming a film from a usual thermoplastic resin or thermoplastic elastomef 
™^pnt m rm^ ? taine l iS stru 2 ured prised of a matrix of the thermoplastic resin (A) in which the elastomer 
nnv*occ*n k 38 a d,s P ersed P h *» ( d °™n)- By adopting such a dispersed structure. thermopSc 

processing becomes possible and it is possible to give sufficient flexibility to the film serving as the bett 

SZZST* by the effect 01 the resin layer servin9 as * e continuous p hase ,n 

thir^l « f ef component at ,ne time of sh aPi"9. it is possible to obtain shapeability equal tofoat of a 

wi«,I!l e a S heSi0n betWe !^ th6 ,Hm and th6 ° PP0Sin9 rubber layer "** be Performed by the method of coating the film 
wrth an adhesive comprised of a general rubber, phenol resin, acryl copolymer, isocyanate or other polymer anc crosT 
hnKing agent disso|ved in a solvent and causing bonding by the heat and pressure JSXi TJ SSES^SSJ 
m or by the mefood of coextruding with the thermoplastic film a styrene-butadiene-styrene copolymer (SBS) ethylene- 
*hyl acrylate (EEA). styrene-ethy.ene-buty.ene block copolymer (SEBS), or other bonding use rSn oSnS *e 

3 T rt " ay u er ,flm and 03051,19 b ° ndin9 with the rubber ,a y er at »• of vulcanization AsTe sote^ 
adhesive, for example a phenol resin (Chem.ock 220. made by Lord), chlorinated rubber (Chem.oc* Ss and ChemTS 
234B). isocyanate (Chemlock 402). etc. may be mentioned. onemiocK 

INDUSTRIAL APPLICABILITY 

As explained in detail above, the thermoplastic elastomer composition according to the present invention has a 

a good balance and further is super.or in adhesiveness with rubber, so if used for the air permeation preventive laver of 
a pneumatic tre enables the air permeation preventive layer to be made thinner without impairing to^etTZn of toe 
air pressure .n the tre. and therefore, can contribute to the reduction of weight of a pneumatic tire 

EXAMPLES 

The present invention will now be further illustrated by. but is by no means limited to. the following Examples. 
Examples I 

35 Example? |-1 to 1-3 and Comparative F*am p | es m tn |.s 

The elastomers and cross-linking agent shown in the following Table 1-1 were previously mixed in a Banburv mixer 

T r0 " S 40 2 ^ ^ Pe " eti2ed by 3 rUbb6f use t*"** 2 " and tna " us*™ foe elasfomer comS: 
^ nents. not mc.ud.ng the cross-linking agent, for twin-screw mixing with the next thermoplastic resin ^nent 
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Table 1-1 



Formulation of Elastomer Component 




Polymer blending agent 


Ex. 1-1, 2, and 4 and 
Comp. Ex. 1-1 to 3, 6, 
and 7 


Ex. I-3 


Ex. I-5 and 6 


Polymer of elastomer component 


Brominated IPMS 


100 


50 


50 


H-NBR 




40 


40 


CSM 




10 


10 


Filler 


Carbon black GPF* 






40 


Softener 


Paraffin family** 






20 


Plasticizer 


Ester family*** 






10 


Cross-linking coagent 


Zinc White J IS No. 3 


2 


5 


2 


Cross-linking agent 


Stearic acid 


1 


2 


2 


Zinc stearate 


3 


2 


2 


Powdered sulfur 




0.5 


0.5 


Accelerator IT 




1.5 


1.5 


Accelerator M 




0.5 


0.5 



Notes: 

*: S Seast V, Tokai Carbon. 

**: Sanpar 2280, Esso Chemical 



: AdecasizerC9N. Asahi Denka Kogyo. 



The pellets of the thermoplastic resin component shown in Table 1-2 and the above obtained pellets of the elas- 
tomer component were dispersed and mixed with each other by a twin-screw kneader/extruder with the thermoplastic 
resin component added from the first charging port and the elastomer component added from the second charging port. 

35 The temperature at the time of mixing was controlled to a temperature from the mefting temperature of the thermoplas- 
tic resin +40°C and the shear rate was controlled to 1 150 sec* 1 . The cross-linking agent of the elastomer component 
was adjusted and charged from the third charging port depending upon the mixing ratio with the thermoplastic resin 
component to give a mix shown in the above Table 1-1 per 100 parts by weight of elastomer so as to cause the elas- 
tomer component dispersed in the thermoplastic resin component to cross-link (vulcanize) during mixing, that is, 

40 dynamically. 

The thermoplastic elastomer composition obtained was extruded in strands from the discharge port of the twin- 
screw kneader/extruder. The strands were water cooled, then pelletized by resin use pelletizer. 

These pellets were used for press-forming by a thermoplastic resin-use press forming machine at a temperature 
40°C higher than the melting temperature of the thermoplastic resin used so as to prepare a sheet for observation of 
45 the state of dispersion by a transmission electron microscope (TEM) and measurement of the physical properties. 
Using the sheet, the matrix phase was confirmed and the Young s modulus was measured. 

Further, the air permeation coefficient was measured by forming the pellets of the thermoplastic elastomer compo- 
sition into film of a thickness of 150 ^tm using a thermoplastic resin-use single-screw extruder equipped with a T-die 
head then using the sheet to perform the predetermined air permeation test. 
so Further, the 150 urn thick film of the thermoplastic elastomer composition obtained above was wrapped around a 
tire shaping drum, a carcass coated with the rubber of the following formulation (I), side belts, treads, and other tire 
members were superposed on this, then the assembly was inflated to form a green tire. The green tire was vulcanized 
by a vulcanizer at 180°C for 10 minutes to complete the tire of the tire size 165SR13 shown in Fig. 2. 

55 
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5 


■ ui 1 1 luiauui » \ij ui nuDoer compo- 
sition 


Parts by weight 






Natural rubber, RSS#3 


80 






SBR 


20 


Nipol 1502 made by Nihon Zeon 


10 


FEF carbon black 


50 


HTC#100 made by Chubu Carbon 




Stearic acid 


2 


Beads Stearic Acid NY, made by Nihon Yushi 




ZnO 


3 


Zinc White J IS No. 3 


15 


Sulfur 


3 


Powdered sulfur Karuizawa Refinery 


Vulcanization accelerator (BBS) 


1 


N-t-butyl-2-benzothiazyl sulfenamide 




Aroma oil 


2 


Desoiex No. 3 made by Showa Shell Oil 



20 



J?" the 4 °! her i hand - 38 Comparative Example I-4. a tire of the above tire structure but without the layer of 150 urn 

These tires were used for long term durability tests and air leakage performance tests 

Note that the measurement methods and evaluation methods used in the above examples were as follows: 

25 Melt Viscosity 

wic,.,^ 6 " ! he T ? SC ° Sity meanS the melt viscosity of any temperature or component at the time of mixing The melt 
v.scos.ty of each polymer material is dependent on the temperature, the shear rate (sec''), and the shea 5^50 ^ 

so 2? ST "5 " POlymir mat6rial 31 3ny tem P erat "e ^ *• molten state capabte *lS2?i£S a cU 

ztEZ^ir'™ re9ion at *• time * mixina are measured and ™ese* 



n = a/y (where, a: shear stress. 7: shear rate) 



35 



40 



45 



(6) 



♦h-r l?!^* 16 m6lt Vi f C °! ity iS measured b V usin 9 a Capillary Rheometer Capillograph 1 C made by Toyo Seikj Fur- 
ther, as the orifice, one of a diameter of 1 mm and length of 10 mm was used. 

Method of Confirmatinn of Matrix Phase 

micriSpT 6 PrePar6d ^ Cry ° meth0d US6d and COn,irmed by observ «ion through a transmission electron 
Method of Measurement of Youno's Mnrl U | U s of Film 



Thus was performed based on JIS K6251 Test Method for Tensile Properties of Vulcanized Rubber- 
ed. IST TCe l ^ !! fi ' m Prepared by ^"Sion in the examples were used and punched into JIS No 3 dumb- 
^LT%Z ?! d : reCt,0n 01 f ,0W 01 4,16 at the time of extrusion. A tangent was draw^ againstTe 

so 3rtaS e9 '" 

Method of Measurement of Air Eeimgalioo Coefficient m Fijm 
ss (Method Af S ^ °" J ' S ™ 2& Meth0d °' Gas Permeation De ° ree of Pla ^ »*« and Sheets 



Test piece: Film samples prepared in example were used. 
Test gas: Air (N 2 :0 2 = 8:2) 
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Test temperature: 30°C 
Method of Durability Test of Inner Liner Laver 

5 A 165SR13 steel radial tire was produced, assembled over a rim of 1 3 x 41/2 -J size, filled to an air pressure of 200 

kPa, mounted on a 1500 cc class passenger car, then run on an actual road for 20,000 km with a load corresponding 
to four passengers (65 kg/passenger). 

After this operation, the tire was detached from the rim and the liner layer at the inside surface of the tire was visu- 
ally inspected. Tires with cracks in the liner layer, visible wrinkles, or peeling or rising of the liner layer were judged as 

io defective and those without them as passing. 

Method of Testing Air Leakage (Pressure Prop) 

The tire was allowed to stand for three months under conditions of an initial pressure of 200 kPa, room temperature 
is of 21 °C, and no load. The inner pressure was measured at intervals of four days and the a value found by recurrence 
to the formula: 

Pt/Po = exp (-at) 

20 where Pt is the measured pressure, Po is the initial pressure, and t is the days elapsed. Using the a obtained and a t of 
30 days, the drop in air pressure p per month (%/month) was found: 

p = [1-exp(-at)]x100 

25 Here, in Comparative Examples 1-1 to I-3 of Table I-2, since it was not possible to obtain the desired thermoplastic 
elastomer structure comprised of the thermoplastic resin as the continuous phase and the elastomer component as the 
dispersed phase no matter what the conditions above the melting temperature of the thermoplastic resin component, 
thermoplastic properties were not shown. Therefore, the flowability was insufficient and the sheets and films for meas- 
urement of the physical properties could not be obtained. 
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55 From Examples 1-1 to I-3 (elastomer c»mponent/thermoplastic resin component ratio of 60/40) of Table I-2, it was 
learned that even with a thermoplastic elastomer composition with a high ratio of the elastomer component, when the 
condition of the above relation (1 ) was satisfied, a structure with the thermoplastic resin component forming the contin- 
uous phase and the elastomer component forming the dispersed phase could be obtained and the desired properties 
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of f lexibilrty (Young's modulus) and air permeability could be obtained. 

*J£Z3H!Zl I* t ? S " ! 5 ShOW1 bY Com P arative Examples 1-1 to 1-3. it was learned that when the above relation (1) 
th ^ ela *^ sn 'P between the ratio of melt viscosities of the thermoplastic resin component and elastomer com- 

s S^SSiiSi Z 06 ^2 con ^ atibi,ities °» ** *"° j s no* satisfied, the desired thermoplastic elastomer 

s with the thermoplastic resin forming the continuous phase cannot be obtained 

sitims ISn^TrTm ~^ ris ° nwith Comparative Example M. it is learned that the thermoplastic elastomer compo- 
1 a MS ♦ Pre l ent ,nVent,0n < Exam P ,es M t0 '- 3 ) their performance even after heating and shap- 

ing as a film or tire, improve the properties of those products, and achieve the desired goals. 

10 Examples I-4 to I-6 and Comparative Exam p les l-R tn I-7 

The thermoplastic elastomer compositions shown in Table I-3 were formed into pellets by a twin-screw 

iS «? r C,ent 1116 ,amS W6re ** lh " USed for ■"P"*" fies under < h * same conditions. These tires 

were tnen used for the same measurement and testing as in the case of Table 1-2 

the ^veT^^^^ m6th0dS eva,Uati0n methods used ln these Samples were also the same as in 
The results are shown in Table 1-3. 



20 



25 



30 



35 



40 



45 



50 



55 



BNSDOCID: <EP 0857761 A1 J_ > 



34 



EP 0 857 761 A1 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



o 

CM 



c 

O 

o 
e 

o 
u 



Q 
O 



C 

o 

Q 

E 
o 
o 



CO 



o 

CO 



x 



c 

o 



c 

c 



o 



to 

2: 



o 



<y c 

o c 

4J O 

CO CL 

to £ 

—< o 

w u 



c 

U QJ 

c 

o 
Cl 

« e 
o 

O. CJ 

o 

c 

•H 

oi w 



CO 
AJ 
CI 

fd 

*J C 

co o 

C -*H 

O i-J 
CJ 

r— I 

• — 1 3 

S B 

•H O 

co cm 

x: m-» 

ex. o 



CL 

o 
E 

Q> 

x: 



CL 

O 

e c 

U -H 
QJ CO 
,C Oi 



O 

g.5 

O) CO 



x: 

Q. 



00 
C 

O 



to 



JC *J C co 

CL CO CO O 0J 

qj «d u -m -h 

— I »— 4 QJ iJ *J 

«j *j a g -H l 

C L* O O CO QJ 

h a> 6 *j o cl 

O0 CL U CO CL O 

h o a> 6 u 

u u x *h o CL 

O cl u a> a *-* 



u 

c 

E 







•g 








o 








u 


•H 








x; 






X) 


CO 




u 


*j 


c 




CJ 


H2 






flj 


c 


o 




QJ 


L» 


cj 


CJ 


Cl 


o 


-M 




trt 


3 


nj 


*J 






i-J 


4-) 




TJ 


M 




QJ 




nJ 


c 


rsl 




O 






QJ 


aj 


e 


6 






ro 




E 




u 


u 




CO 






M 


u 




QJ 


QJ 


QJ 




QJ 


QJ 


•w 




u 


Li 




QJ 


M 


CL 


CM 
CM 


u 


oo 


■H 
M 


C 


. — i 


ti 


U 


QJ 


u 


C 




•H 


U 




■H 


o 


u 


o 


CM 




•H 




< 


o 




— ) 


o 


3 


< 


o 



cnJ cm esj 



-O X) X3 
€— €— C— 



to CO 
Qj QJ 



QJ QJ QJ 

Qj QJ QJ 

WWW 



QJ 

o 



55 



35 



BNSDOCID: <EP 0857761 A1J_> 



EP 0 857 761 A1 



10 



15 



20 



25 



30 



CL 

E 
o 
o 



3 
C 



C 

o 
o 



ro 



35 



40 



45 



SO 



o c 

*J o 

^ O 

w u 



c 

U QJ 

*- • c 
*J o 
tn CL 
* E 
O 

CL U 

o 

QJ CO 



to 
i-i 
C 
<0 

C 

to O 

O 4-» 

O rC 

— » 3 

co e 

U L< 

-H O 

Oh, O 



c 

rc 



to 
E 



c 
E 



to 

c 



oo ro 
C »-■ 
O U 



QJ 
OO 

ro ^ 
J* XZ 

CD C 

— < o 
E 

u — - 



to 


t*-l 


U 










o 


4-> 




C 


to 


n. 


to 


cn 




o 


cn 




QJ 


fO 




•■H 




• — i 






QJ 


4-J 


i_> 


<0 


4-1 


CL 


E 


•.H 


l» 


a 


u 


o 


o 


cn 


QJ 


•«-» 


QJ 




*-» 


O 


CL 




CL 




00 


CL 


O 




O 


QJ 


ro 


E 


Li 


u 






—1 


O 


a 


o 


CL 




QJ 


u 





-o 

-a 



o 


*J 


U 


C 


u 


QJ 




C 




o 




CL 


c 


E 


QJ 


o 


c 


<J 


o 




CL 


L* 


E 


QJ 


O 


E 


U 


o 






Ui 


to 


QJ 


ro 


fc£ 


—4 


o 


QJ 


i~> 




to 


C 


rd 


-i 






QJ 


Li 




QJ 


CO 


E 


ro 


>, 




— < 


T3 


o 


ate 


CL 


re 


O 


*-> 


-u 




-C 


*~> 


00 


c 


H 


QJ 


QJ 


DO 
«0 









to 

i-l QJ 

C — * 
QJ JO 
H CO 

QJ 

si 

OO 4J 

c — ' 



55 



From the results of Examples 1-4 to 1-6 of Table 1-3, it is learned that even if the ratio of the elastomer comoon^nt 
and the thermoplastic resin component is made greater than 60/40, that is, 70/30 or aoi ^ 
elastomer component greater, in so far as the relationship of the me* viscosities and solSl^ 
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ponents satisfies the above relation (1), a thermoplastic elastomer composition having the desired structure can be 
obtained, control of the flexibility and permeability (air) is possible, and. further, a tire using the thermoplastic elastomer 
composition can be obtained which achieves new objectives. 

Further, as shown in Comparative Examples I-6 and I-7, it is learned that even if the ratio of the elastomer compo- 
5 nent and the thermoplastic resin component is 70/30, when the relation of the melt viscosities and solubilities (ASP) of 
the components does not satisfy the above relation (1), a thermoplastic elastomer composition having the desired dis- 
persed structure cannot be obtained. 

Examples II 

10 

The methods of evaluation used in these Examples were as shown below: 
Melt Viscosity 

15 Here, the melt viscosity means the melt viscosity of any temperature or component at the time of mixing. The melt 

viscosity of each polymer material is dependent on the temperature, the shear rate (sec 1 ), and the shear stress, so the 
stress and shear rate of the polymer material at any temperature in the molten state capable of flowing through a cap- 
illary, in particular, the temperature region at the time of mixing, are measured and the melt viscosity is measured by 
the following formula (6): 

20 

t| = ct/y (where, a: shear stress, y: shear rate) (6) 

Note that, the melt viscosity is measured by using a Capillary Rheometer Capillograph 1 C made by Toyo Seiki. Fur- 
25 ther, as the orifice, one of a diameter of 1 mm and length of 10 mm was used. 

Method of Measurement of Young's Modulus and Elongation of Film 

This was performed based on JIS K6251 "Test Method for Tensile Properties of Vulcanized Rubber". 
30 Test piece: Samples of the film prepared by extrusion in the examples were used and punched into J IS No. 3 dumb- 
bell shapes in the direction of flow of the thermoplastic resin at the time of extrusion. 

A tangent was drawn against the curve of the initial strain region of the stress-strain curve obtained and the Young's 
modulus was found from the inclination of the tangent. 

Further, the length between standard lines at the time of breakage of a sample of the film prepared in each example 
35 was measured to calculate the elongation by the following formula. 

E B = (L r L 0 )/L 0 x100 

where, 

40 

E B : elongation at break (%) 

Lq: length between standard lines (mm) 

length between standard lines at time of breakage (mm) 

<5 Method of Measurement of Gas Permeation Degree of Film (Air Permeation Coefficient) 

This was performed based on JIS K7126 "Test Method of Gas Permeation Degree of Plastic Films and Sheets 
(Method A)**. 

so Test piece: Film samples prepared in example were used. 
Test gas: Air (N 2 :0 2 = 8:2) 
Test temperature: 30°C 

Method of Testing Tire Air Leakage Performance 

55 

A 165SR13 steel radial tire (rim of 13 x 41/2-J) was allowed to stand for three months under conditions of an initial 
pressure of 200 kPa, no load, and a room temperature of 21°C and measured for pressure at intervals of four days. 
The a value was found by recurrence to the function: 
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Pt/Po = exp (-at) 

izzszzzsssr * is - in * iai — M « * ** ^ "*« •» - — — « - 

0 = [1-exp(-at)]x1OO 
This value p was the drop in pressure per month (%/month). 
Method of Testing Tir ff n^r^hii^ 

run il?23 fid njSE 13 X 41/2 - J) ,i,,6d t0 " ^ PreSSUre * 140 kPa ' *«" a load of 5.5 kN, an. 

all, i^l?Si 0 ? eratiOn a L the 'I 6 W3S dS,aChed fr0m me rim and the liner la y er * the inside surface of the tire was visu- 
^ ^ CfaCkS in 1,16 " ner ' ayer ' ViSib,e wrinWes " ° r P ee,i "9 or rising of the Unlr ^e^e^Z 
defective (Poor) and those without them as passing (Good). J 9 

Examples 11-1 to H-12 and Comparativa Examples 11-1 in ii-ia 

First the mixed batch of the rubber/matrix thermoplastic resin of the first step was prepared usino the rubber «,m 

cta££ from JSifiS T' d-to ™'" ad ^^"^astic resin composition serving as the matrix resin component Jm 
we 3 e corned l fl s SS ° f 3 tW ; n - SC ; SW «* mixed, then pellets of the rubb^o^onem 

co^SL * ar9 ' n9 POrt and m ' xed 80 as t0 fine| y dis P erce the f "bber component in the matt* resin 

rotational speed to form a film with a width of 400 mm and a thickness of 0.20 ™ whS wasThen usL rc Z Z 
Young s modulus, elongation, and gas permeation degree. The results are shown in Table 1.-3 



Table 11-1 





Polymer Used m First Step Mixing 




Viscosity [poise] a > 


Young's modulus [MPa] 


Air permeation coefficient 
[cm 2 • cm/cm 2 • sec • cmHg] 


X-IPMS b > 


900 


1 


50.0 x10' 12 


N11-(1) c ) 


300 


280 ~ 1 


5.4 x 10' 12 


N11-(2) d > 


650 


\~ 290 


6.5 x10 12 n 


N12-(1f) 


350 


360 


1.2 x 10" 11 


N12-(2)0 


700 


460 


7.7 x 10' 12 



b) EXXPRO 89-4 (Exxon Chemical). 
C)N11-(1)BESN0TL 

d) N1 1-(2) AMN 0 (Toray). 

e) N12-(1) AMN 0 (Toray). 

f) N1 2 (2) AESN 0 TL (Toray). 
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Table II-2 



Rubber Formulation (Parts by Weight) 


Polymer 


X-IPMS a > 


100 


Dynamic vulcanization system 


Zinc stearate 


1 




Stearic acid 


2 




Zinc White No. 3 


0.5 



a: EXXPRO 89-4 (Exxon Chemical). 



15 



20 



25 



30 



35 



40 



45 



50 



39 



BNSDOCID: <EP, 



.0857761 A1J_> 



EP 0 857 761 A1 



u 

3 
U 

X „ 



70 



75 



20 



25 



u 
3 

o 



13 



35 



40 



45 



rd 



QJ 
Li 

X „ 



OJ 

xJ 
X 
*H 



QJ 
Li 

X ~ 



LI 
3 

X 



3 

4J 

qj 



X _ 



50 



00 

! rs> 
I o 



o 

00 



o 

1 <r 



i 

X | X 

0) I -H Qj 



JO 

D cd 



JO 

t=> cd 



CO 

o 



CD 



JO 



X 

JO 

^> rq 



a> 

J3 



O 



jo 
to eg 



o 



o 



x 

qj -h 



c JD 
D eg 



JO 
IO <XJ 



O 

o 



o 
o 



eg 



x 

Li -H 
rd 0) 



JQ 
cd 

rd Li 

a. a> 

E N 

o 
Lk2_ 



c 

o 

CO 4J 

V-i u 

to O 

■H U 

p a 



00 

c 

3 
o 



C 

o 

•H 
*J 
rd 
b0 
C 
O 



u 
o> 

[X. " 

RJ CM 

2 e 

» E 
a. u 

o 

< — 



QJ 



id cd 4J 
C u u 

H -H a) 

00 CO cx 
■H ^ O 

n jc U 









• 


1 

CO 


Li 


« — • 


QJ 




JO 




X> 


o 




ro 


Li 


CM 






c 


CJ 








ro 


0J 


Li 


CO 




rd 


Li 


Jd 


cd 


cu 


Q> 




JC 


c 


to 


o 




•H 




CO 




L» 


O 


QJ 


o 


a. 




to 


O 


•H 




T3 


eg 




QJ 


lM 

o 


U 




3 


c: • 


■M 


O f— 1 


rd 


*H Cd 




co o 


01 


Li -H 


CL 


oj E 




CL QJ 


QJ 


w x: 


±J 


•H U 




•a o 


ao 


Li 


C • 


U 4J 


■H v> 


O QJ 


x l* 


o cu 




CL 


X u 


•H 


u 


O 3 


o 


*J CO 


CO 


*J 




QJ -H 


o c 


3 X 




13 




« QJ -H 

C co co o0 

*r* «d c » 

^ JC CD CL 

t-i cu e~i cl 



55 



S„ th ^ Ve reSUltS ' * 8 miX6d b3tCheS 2 ' 4 - S - and 8 ' where the a 1 or more, all had the phases reversed 

during the twn-screw m,x,ng and suffered from scorching, so mixing as the first step batch was noTJSS ZZZZl 

Sat^ V ^ M ^x^r^nerS 

was relatvely large in amount and they were not preferable as first step batches in terms of flexibility, so as the firsi step 
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batch used in the mixing by the low shear rate in the next second step, the above mixed batch 1 (hereinafter, referred 
to as, "the first step batch-(1) H ) and mixed batch 5 (hereinafter, referred to as, "the lirst step batch-(2)") were used. Fur- 
ther, the mixed batch 9 was an example not including a compatibilizer, but compared with this mixed batch 9, the above 
mixed batches are better in elongation due to the compatibilizer and therefore are found to be preferable. 
5 Next, mixed batches comprised of the barrier resin of the second step and the rubber/matrix resin composition of 

the first step batch were prepared using the barrier resin components and the first step batches-(1) and (2) and their 
ratios of mixing (parts by weight) shown in the following Table II-4 and Table H-5 to Table II-8. Pellets of the first step 
batch-(1) or (2) obtained above as the rubber/matrix resin component were charged by a dry blend into a hopper of a 
40 mm caliber single-screw extruder, then mixed at a shear rate of 400 sec' 1 . This was then extruded from a T-die pro- 
re? vided at the front end of the single-screw kneader and extruder to form a film of a width of 400 mm and a thickness of 
0.20 mm. The Young's modulus and gas permeation degree were found. Further, the aspect ratio of the barrier resin 
present as a flat layer structure in the film obtained was found by observation by a optical microscope by the following 
measurement method and the following calculation formula. The results are shown in Tables II-5 to II-8. 

is Method of Measurement of Aspect Ratio 

Just the barrier resin composition was dyed by Ru0 4l iodine, etc. and directly observed by an optical microscope. 
The image obtained here was analyzed and the ratio was found by the formula A = a/b using the long axis of the layer 
of the barrier thermoplastic resin composition as "a" and the short axis as "b M . 
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The green tire was vulcanized by a vulcanizer at 180°C for 10 minutes to produce a tire of a tire size 165SR13. 

On the other hand, as a tire comparative example, a green tire was formed having at the inner surface of the green 
tire and through tie rubber of a thickness of about 0.7 mm an inner liner layer of about 0.5 mm thickness comprised of 
unvulcanized butyl rubber. This was then vulcanized to form a tire (size 165SR13). The formulation and the Young s 
£ modulus and air permeation coefficient of the inner liner layer are shown in Table 11-8 in the same way as the examples. 

The obtained pneumatic tires were tested for air leakage and durability. The results are shown in Table 11-5 to 11-8. 



10 


Formulation (I) of Rubber Composi- 
tion 


Parts by weight 






Natural rubber, 


RSS#3 


80 




15 




SBR 


20 


Nipol 1502 made by Nihon Zeon 


FEF carbon black 


50 


HTC#100 made by Chubu Carbon 




Stearic acid 




2 


Beads Stearic Acid NY, made by Nihon Yushi 




ZnO 




3 


Zinc White J IS No. 3 


20 


Sulfur 




3 


Powdered sulfur Karuizawa Refinery 




Vulcanization accelerator (BBS) 


1 


N-t-butyl-2-benzothiazyl sulfenamide 




Aroma oil 




2 


Desolex No. 3 made by Showa Shell Oil 
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Table 11-5 







Second Step Mixing 8 ) 




Formulation 


Ex. 11-1 


Ex. 11-2 


Comp. Ex. 
II ib) 


Comp. Ex. 
11-2°' 


Ex. II-3 


Ex. II-4 


Comp. Ex. 
Il-3 b > 


Thermoplas- 
tic elastomer 


1st step-(1) 


fin 


OU 


10 


80 


- 


- 


- 


1ststep-(2) 










80 


50 


20 


Barrier resin 


MXD6-(1) 


20 


nn 


90 




20 


50 


80 




MXD6-{2) 








20 










N6,66-(1) 


- 


- 


- 




. 










N6,66-(2) 


















N6-(1) 


















N6-(2) 
















Dispersion 
properties 




4.0 


4.0 


4.0 


2.4 


3.7 


3.7 


3.7 




a 


0.06 


0.25 


2.25 


0.10 


0.07 


0.27 


1.08 




Aspect ratio A 


100 


150 


3 


5 


80 


130 


4 


Orioinal 
physical 
properties 


Young's modu- 
lus [MPa] 


80 


380 


1450 


90 


85 


410 


1400 




Air permea- 
tion coefficient 
x 10- 12 
[cc • cm/cm 2 • 
sec • cmHg] 


12.0 


5.5 


0.1 


29.3 


13.2 


6.8 


0.1 


Tire 


Air leakage [%] 


2.7 


1.7 


0.1 


4.6 


2.8 


1.8 


0.1 


a) Film for nunc 


Durability [no 
cracks: Good] 


Good 


Good 


Cracks 


Good 


Good 


Good 


Cracks 



a) Film forming conditions: Forming temperature 270[°C], shear rate 250 [s 1 ] 

b) Phase inverts and flexfoility is impaired. 



c) Since viscosity ratio <3 0, aspect ratio is small and res«stance to permeation impaired 
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Table II-6 



Second Step Mixing®) 




Formulation 


Comp. Ex 
ll-4 c > 


Comp. 
Ex. ll-5 b > 


Ex. II-5 


Ex. N-6 


Comp. Ex. 
Il-6 b > 


Comp. Ex. 
11-7°) 


Ex. II-7 


Thermo- 
plastic elas- 
tomer 


1st step-(1) 


- 


- 


80 


50 


10 


80 


- 


1ststep-(2) 


80 


- 


- 


• 


- 


• 


80 


Barrier 
resin 


MXD6-0) 
















MXD6-(2) 


20 


50 












N6,66-(1) 


- 




20 


50 


90 


- 


20 


Kid ZO\ 

l\lo,66-(2) 












20 




N6-(1) 








- 








N6-(2) 




50 






- 




- 


uispersion 
properties 




2.2 


O A 

8.4 


3.3 


3.3 


3.3 


2.0 


3.0 


(X 


U.U r 


U. l 1 


O.Uo 


0.31 


2.77 


0.10 


0.07 


Aspect ratio A 


3 


200 


60 


100 


3 


4 


50 


Original 
physical 
properties 


Young s modulus 
[MPa] 


91 


1130 


65 


115 


630 


70 


85 


Air permeation 
coefficient x 10" 12 
[cc • cm/cm 2 • sec 
• cmHg] 


35.2 


0.1 


14.5 


8.2 


1.9 


35.1 


15.2 


Tire 


Air leakage [%] 


4.9 


0.1 


2.9 


1.9 


0.5 


4.9 


2.9 


Durability [no 
cracks: Good] 


Good 


Cracks 


Good 


Good 


Cracks 


Good 


Good 



a) Film forming conditions: Forming temperature 270[°C), shear rate 250 [s* 1 ]. 

b) Phase inverts and flexibility is impaired. 

c) Since viscosity ratio <3 0, aspect ratio is small and resistance to permeation impaired. 
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Table II-7 



5 






Second Step Mixing a) 






Formulation 


Ex. II-8 


P.Amn 

Ex. Il-8 b > 


Comp. 
Ex. II-9 C) 


tx. 11-9 


Ex. 11-10 


Comp. Ex. 
Il-10 b) 


Comp. 
ExJI-11 c) 




Thermo- 
plastic elas- 
tomer 


1ststep-(1) 


- 


- 




50 


50 


10 


80 


10 


1ststep-(2) 


50 


20 


80 


_ 










Barrier 
resin 


MXD6-(1) 












- 


- 




MXD6-(2) 
















15 




N6,66-(1) 


50 


80 


- 


- 






— 






N6,66-(2) 






20 








- 








- 


- 




20 


50 


90 








N6-(2) 


• 


- 


- 


- 


- 


. - 


20 


20 


Disoersion 
properties 




3.0 


3.0 


1.9 


3.2 


3.2 


3.2 


0.3 






a 


0.27 


1.08 


0.07 


0.08 


0.31 


2.81 


0.87 






Aspect ratio A 


80 


3 


5 


70 


110 


3 


5 


25 


Original 
physical 
properties 


Young's modulus 
[MPa] 


135 


560 


91 


75 


156 


890 


80 






Air permeation 
coefficient x 10* 12 
cc • cm/cm 2 • sec 


10.2 


0.4 


38.2 


13.1 


7.4 


0.9 


38.1 


30 




•cmHg] 


















Tire 


Air leakage [%] 


2.6 


0.3 


5.2 


28 


1.9 


0.2 


5.2 


35 




Durability [no 
cracks: Good] 


Good 


Cracks 


Good 


Good 


Good 


Cracks 


Good 



a) Film forming conditions: Forming temperature 270[°C], shear rate 250 [s 1 ]. 

b) Phase inverts and flexibility is impaired. 



c) Since viscosity ratio <3.0, aspect ratio is small and resistance to permeation impaired. 
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Table ll-8 



Second Step Mixing 8 ) 




Formulation 


Ex. 11-11 


Ex. 11-12 


Comp. Ex. II- 
12 b) 


Comp. Ex.11- 
13<=) 


Tire 
comp. ex. 


Thermoplastic 
elastomer 


1st step-(1) 










rubber 


lststep-(2) 


80 


50 


20 


80 


Barrier resin 


MXD6-(1) 










MXD6-(2) 










N6,66-(1) 










N6,66-(2) 


- 


- 


- 


- 


N6-(1) 


20 


50 


80 


- 


N6-(2) 








20 


properties 




o.u 


3.0 


3.0 


0.3 




a 


0.08 


0.31 


1.25 


0.87 




Aspect ratio A 


40 


90 


3 


9 




Original physi- 
cal properties 


Young's modulus [MPa] 


85 


162 


680 


92 


5.0 


Air permeation coefficient x 1 0" 12 
[cc • cm/cm 2 - sec • cmHg] 


14.2 


9.5 


1.0 


39.6 


142.0 


Tire 


Air leakage [%] 


2.9 


2.0 


0.2 


5.3 


3.0 


Durability [no cracks: Good] 


Good 


Good 


Cracks 


Good 


Good 
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20 



25 
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a) Film forming conditions: Forming temperature 270[°C], shear rate 250 Is" 1 ]. 

b) Phase inverts and flexibility is impaired. 

c) Since viscosity ratio <3.0, aspect ratio is small and resistance to permeation impaired. 
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From the above results, it was confirmed that in Examples 11-1 to 11-12 simultaneously satisfying the conditions of 
the ratio of melt viscosities, the a value, and the aspect ratio set by the present invention, compared with Comparative 
Examples 11-1 to 11-13, the desired Young's modulus and gas permeation degree were achieved. Further, when the com- 
positions of Examples 11-1 to 11-12 were used for tires, the desired durability was obtained in all cases and extremely 
excellent results were shown compared with the prior art of Comparative Examples 11-1 to II-13 in terms of the gas (air) 
permeability. 

Examples 11-13 to 11-16 and Comparative Examples 11-14 to 11-17 

Further, the results of second step mixing performed in exactly the same way as in the above Examples 11-1 to II- 
12 and Comparative Examples 11-1 to 11-13 except that use was made of a predetermined EVOH (ethylene- vinyl alcohol 
copolymer resin) polymer as the barrier resin in the second step are shown in the following Table IX. Further, the results 
of tires used in exactly the same way as shown in the above Examples 11-1 to 11-12 and Comparative Examples 11-1 to 
11-13 are shown in the following Table II-9. 



50 
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Table H-9 



5 








Second Step Mixing 8 ) 






Formulation 


Ex. IM3 


Ex. 11-14 


Comp. 
Ex. li- 
mb) 


Comp. 
Ex. II- 
15 ' 


Ex. 11-15 


Ex. 11-16 


Comp. 
Ex.ll-16 b > 


Comp. 
Ex. II- 
17°) 


10 


Thermo- 
plastic 
elas- 
tomer 


1ststep-(1) 


80 


50 


10 


80 


- 


_ 


_ 






lststep-(2) 


- 








80 


50 


20 


- 




Barrier 
resin 


EVOH-(1) 


20 


50 

WW 






20 


50 


80 


80 


15 


EVOH-(2) 








20 








20 




Disper- 
sion 




3.4 


3.4 


3.4 


1.2 


3.2 


3.2 


3.2 


1.1 




proper- 


a 


0.07 


0.29 


2.65 


0.21 


0.08 


0.31 


1.25 


0.22 


20 


ties 


Aspect ratio 
A 


110 


140 


4 


4 


80 


110 


3 


6 


25 
30 


Original 
physical 
proper- 
ties 


Young's 
modulus 
[MPa] 


80 


95 


900 


83 


85 


98 


810 


110 


Air permea- 
tion coeffi- 
cient x 10" 12 
CC * cm/crrr 
•sec*cmH 

g] 


3.2 


0.8 


0.05 


25.1 


4.8 


1.3 


0.70 


31.3 




Tire 


Air leakage 
f%] 


0.9 


0.2 


0.1 


4.4 


1.6 


0.4 


0.2 


4.9 


35 




Durability 
no cracks: 
Good] 


Good 


Good 


Cracks 


Good 


Good 


Good 


Cracks 


Good 



40 



b) Phase inverts and flexMHy is impaired. 

c) Since viscosity ratio <3.0, aspect ratio is small and resistance to permeation impaired. 
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R °^l he 8501/6 * W3S confirmed th * even with Examples 11-13 to 11-16. satisfying simultaneously the con 

in2£L X = . ° Un9S m0duluS and 935 P ermea,io " degree could all be achieved Further even 

^J^TtJtS 40 ^ dUfability °° nditi0nS «** be satisfied anJa^ a 

remarkable effect could be exhibited in terms of the gas (air) permeation. 

Example 11-18 

«o„ !^f, Xa T ,e " * he exp,anation is made 01 fact th at. ^ the low permeability thermoplastic elastomer comoosi- 

,nV6nti0n ' dUS 10 thre6 " Way -~r P hology of the multrp.e-component 

^SSSS T T ?' mbDer W3S fin6ly diSD6rsed and ,he temer resin fan~d a flat layer structure 
For d rect observation of the morphology, use was made of an optical microscope (Nikon M I CRORHOTFXaT and 

obi^TnnS 6 ? 0 "- ™ fOSCOPe (Hit8Chi M0del Prepared in the 

2^2S?2f k SeC,,0n • X • aXia, SecBOa 3nd Y - axial section at X 200 magnifications. FurSter the X axfa S 
^UoSSi'SSr 31 X60 °° ma9ntfiCati0n - The fesu,te « * h ™ h ^s. 9(a). 9(b), and 9(c, aS FigTl o^. 
Preparation of Samples; As the first step batch, modified butyl rubber/Nil was mixed by a twin-screw 
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kneader/extruder, then pellets of the MXD6 of the barrier resin were mixed in and these were shaped by a single-screw 
extruder having a T-die into a film (thickness of 0.20 mm). The film samples were stained by iodine etc. and formed into 
super thin slices by a microtome etc. 

According to the micrographs of Figs. 9(a) to 9(c) and Figs. 10(a) to 10(d), the low permeability thermoplastic elas- 
5 tomer composition obtained according to the present invention is understood to form a morphology wherein the rubber 
component (modified butyl rubber) is finely dispersed in the matrix resin component (N1 1) and the barrier resin compo- 
nent (MXD6) is present in a flat layer structure. 

Example H-19 

w 

In this Example, it is explained that an adjustment of the ratio of melt viscosities in the composition of the present 
invention and a fluctuation in the conditions of the processing by the "RJie (take-up speed) cause a change in the flat 
shape of the barrier resin composition and a change in the gas permeable prevention property. 

The relationship of the gas permeation degree in the case of a change of the type of the barrier resin composition 
is in the composition of the present invention or in the case of a change in the processing (take-up speed) by the T-die is 
shown in Fig. 1 1 . Further, the state of the change of shape of the barrier resin layer in the case of using the same type 
of barrier resin composition and changing only the take-up speed during the processing is shown in the above Fig. 
10(a), 10(b), 10(c), and 10(d). 

According to these figures, the gas permeation degree differs depending on the barrier resin composition which is 
20 used. Further, even if the same type of barrier resin composition is used, if the take-up speed at the time of processing 
is large, the shape (flatness) of the barrier resin layer will change (become flatter) and the gas permeation degree will 
fall. 

Examples 1 1 1 

25 

Preparation of Thermoplastic Elastomer Composition (A) 

The components shown in the following formulation (I), that is, the thermoplastic resin component, elastomer com- 
ponent, and vulcanization system were used to prepare the thermoplastic elastomer composition (A). 

30 First, a rubber use Banbury mixer was used to mix the elastomer component in the ratio of weight shown in formu- 
lation (I), then a rubber use roll was used to form it into a sheet of a thickness of 2 mm. Suitably thereafter, this was 
pelletized by a rubber pelletizer for use in the production of the thermoplastic elastomer composition shown next. Under 
a relatively high shear rate of 250 revolutions, the thermoplastic resin component, that is, the illustrated polypropylene 
resin, was charged into a 44 mm caliber twin-screw kneader/extruder from the first charging port and melted while mix- 

35 ing. Next the pellets of the afore-mentioned elastomer component were charged from the second charging port so as 
to give the ratio of composition shown in formulation (I) continuously and mixed so that the elastomer component finely 
dispersed in the polypropylene resin. Then a vulcanization system of the ratio shown was added from a third charging 
port, with mixing, so as to give the ratio of composition of the formulation (I) with respect to the thermoplastic resin com- 
ponent and elastomer component and cause vulcanization. Suitably thereafter, the mixture was extruded in strands 

40 from the front end of the twin-screw kneader/extruder. The strands were cooled in a water tank, then pelletized by a 
resin-use pelletizer and used for mixing with the functional resin material. 



45 


Formulation Table: (1) Thermoplastic Elastomer Composition Formulation (A) 




Component 


Material 


Name of product 


Manufacturer 


Percent composi- 
tion 


Thermoplastic 
elastomer formu- 
lation (A) 


SO 


Thermoplastic 
resin component 


Propylene (PP) 


MA710 


Tokuyama 


100 


45 



55 
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10 



15 



20 



25 



30 



(continued) 





Formulation Table: 


(1) Thermoplastic Elastomer Composition Formulation (A) 


Component 


Material 


Name of product 


Manufacturer 


Percent composi- 
tion 


Thermoplastic 
elastomer formu- 
lation (A) 


Elastomer com- 
ponent 


EPDM 
HAF carbon 
black 
Paraffinic 

softener 
ZnO 

Stearic acid 


Mitsui EPT4045 
Seast N 
Sunpar 2280 

Zinc White No. 
3 


Mitsui 

Petrochemical 

Tokai Carbon 

Nihon San- 
Sekiyu 


100 
60 
20 

5 
1 


55 


Vulcanization 
system 


Powdered sulfur 
Accelerator BZ 

Accelerator TRA 

Accelerator TT 

Accelerator CZ 


Nocceler BZ 
Sanceler TRA-C 
Nocceler TT-PO 
Nocceler CZ-G 


Ouchi Chem. 
Ind. 

Sanshin Chemi- 
cal 

Ouchi Chem. 
Ind. 

Ouchi Chem. 
Ind. 


0.5 
1 0 

0.5 

0.5 

1.0 


1.04 



Preparation of Functional Thermoplasti c Elastompr r.^^. 
resin'st^T^ J*"" ab ° ve and " el,ete * ™d*ied polyester adhesive 

40 Preparation of Thin Rim Rh 0ft 
Preparation "Pfft 
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A 150 nm film of the thermoplastic elastomer composition above obtained was wraooed arounH * tir* eh • 
Thegreent-rewas^lcanizedbyavulcanizeratlSO-CforlOminutestoproduceatjreh^ 
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£ 


Formulation (II) of Rubber Com- 
position 


Parts by weight 






Natural rubber, RSS#3 


80 






SBR 


20 


Nipol 1502 made by Nihon Zeon 


10 


FEF carbon black 


50 


HTC#100 made by Chubu Carbon 


Stearic acid 


2 


Beads Stearic Acid NY, made by Nihon Yushi 




ZnO 


3 


Zinc White No. 3 




Sulfur 


3 


Powdered sulfur Karuizawa Refinery 


15 


Vulcanization accelerator (BBS) 


1 


N-t-butyl-2-benzothiazyl sulfenamide 




Aroma oil 


2 


Desolex No. 3 made by Showa Shell Oil 



On the other hand, as a Comparative Example, a green tire was formed having at the inner surface of the green tire 
20 and through tie rubber having a thickness of about 0.7 mm an inner liner layer having about 0.5 mm thickness com- 
prised of unvulcanized butyl rubber. This was then vulcanized to form a tire (size 165SR13). 

The formulation of the inner liner layer obtained and the results of the long term durability test are shown in the later 
mentioned Table III-5 and Table III-6. 

25 Examples MM to III-5 and Comparative Examples III-1 to 111-3 

The viscosities and the physical properties of the thermoplastic elastomer composition (A) and the functional 
(adhesive) thermoplastic resin component used in Examples 111-1 to III-5 and Comparative Examples 111-1 to III-3 pre- 
pared above are shown in Table MM. Further, test pieces for use in the tests were prepared as explained above from 
30 the functional (adhesive) thermoplastic elastomer compositions of the predetermined weight ratios of polymers of Table 
111-1. The test results are shown in Table III-2. 



Table lll-l 



Polymer Used 




Composition 


Viscosity [poise] 9 * 


Eb [%] 


C-set ! > 


Thermoplastic elastomer composi- 
tion (A) 


EPDM/PP a > 


6300 


410 


45 


Functional (adhesive) thermoplastic 
resin 


Polyester family adhesive resin b) 


1800 


350 


98 


Polyester family adhesive resin c > 


2600 


650 


98 


Olefin family adhesive resin d) 


1400 


600 


100 



45 Notes: 

a) EPDM/PP = 55/45 (EPDM: ethylene-propylene-diene copolymer, PP: polypropylene resin). 

b) Vylon GM400 (Toyobo). 

c) Vylon GM990 (Toyobo). 

d) Admer QB540 (Mrtsui Petrochemical) (anhydrous maleic acid modified propylene). 

e) Shearing rate 200 [sec* 1 ] at 200[°CJ (conditions at mixing temperature). 
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invention was due to the added adhesive thermoplastic resin component concentrated at the surface portion due to the 
processing, and therefore, an excellent adhesion was obtained with the reinforcing fibers despite no adhesive treatment 
being performed. On the other hand, even with a similar ASP formulation, when the a value is larger than 1 .0, the adhe- 
sive thermoplastic resin component is not positioned at the surface (Comparative Example MM). Further, even if the 

5 condition that the a value be smaller than 1 .0 is satisfied, if the ASP is smaller than 1 and the solubility is too good, it 
similarly will not be positioned at the surface (Comparative Examples III-2 and 1II-3) and a sufficient adhesiveness can- 
not be imparted. Further, as a more preferable mode, when desiring to obtain an adhesive thermoplastic elastomer 
composition having excellent physical properties in addition to maintaining an excellent adhesiveness, it is clear that it 
is best to add an olefin thermoplastic resin, as a compatibilizer, after the above requirements are satisfied (clear from a 

10 comparison of Examples MM and III-2 and Examples III-3 and III-4). 

Example III-6 and Comparative Example Hl-4 

Using the same technique as with the thermoplastic elastomer compositions (A) and (B), a thermoplastic elastomer 
75 composition (C) used in these Examples was prepared from the composition shown in Table !l-5 In this case, as the 
dynamic vulcanization system for the modified butyl elastomer, 0.5 part by weight of zinc oxide, 2.0 parts by weight of 
stearic acid, and t .0 part by weight of zinc stearate were added with respect to 100 parts by weight of elastomer. Fur- 
ther, a polyolefin adhesive resin having the properties shown in Table II 1-3 was used as a functional thermoplastic resin 
material to prepare a functional (bondable) thermoplastic elastomer composition by the afore-mentioned method. 
20 Next, the afore-mentioned method was used to form a film of 150 \ivn thickness. This was used as the air barrier 

layer in the inner liner layer to prepare a tire of 1 55SR1 3. The properties of the material and the results of the evaluation 
of the long term durability of the tire are shown in Table 111-4. 



Table 111-3 



Inner Liner Material 


Component 


Composition 


Viscosity (poise) 


Thermoplastic elastomer composition (C) 


Modified IIR/NII = 70/30* 


5200 


Polyolefin adhesive resin 


(b) 


1500 


(c) 


3300 



* Modified film: Bromide of p-methylstyrene-isobutylene copolymer 
EXXPRO 89-4 (Exxon Chemical) 
Nil: BMNO TL (Toray). 

(b) : Nisseki N Polymer A- 1600 (Ninon Sekiyu Kagaku). 

(c) : Rexpearl RA3150 (Ninon Sekiyu Kagaku). 



Table III-4 



Tire Properties 




Composition 


Ex. III-6 


Comp. Ex. Hl-4 


Inner liner material 


Thermoplastic elas- 
tomer composition 
(C) Polyolefin adhe- 
sive resin (b) Polyole- 
fin adhesive resin (c) 


70 
30 


70 

30 j 


Material properties 


Peeling strength with 
rubber 


Rubber composition 
(") 


1.6 


0.1 




composition [N/mm] 


Rubber composition 
(III) 


1.8 


0.05 




ASP 




4.2 


4.2 




a 




0.67 


1.48 
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Table 111-4 (continued) 



Tire Properties 






Composition 


Ex. 111-6 


Comp. Ex. lil-4 


Tire properties 


Tire long term durabil- 
ity running test 




Pass 


Pass 


Condition 


No fissures, wrinkles, 
cracks 


Fissures, or cracks 



10 



25 



i i R/NVl /bcfartafin 11 ° ^ ^ eVen ,n different from the past, e.g the modKied 

llf? * u ^ !T reS ' n ' S ° fer 3S the P redetermi "^ conditions of the ASP value and the a value Tre bo£ 

material at *e surface of the f.lm layer and further excellent results were obtained in durability tests of the tires 

r5 as folows" eVa ' Uati ° n * fo " ^ EXamp ' eS ,NM to IV ' 5 and Comparative Examples IV-1 to IV* were 

Method of Measurement of Air Permeation Coefficient of Film 

» (Metlcd 3 ^ 5 Performed ^ ° n J ' S K7126 Meth0d ° f GaS Permeati - D <*™ * «-* «» and Sheets 

Test piece: Film samples prepared in example were used 
Test gas: Air (N 2 :0 2 = 8:2) 
Test temperature: 30°C 

Method of Measurement of Mnunp's Modulus nf Film 

This was performed based on JIS K6251 Test Method for Tensile Properties of Vulcanized Rubber" 

Method of Measurement of Adhesi^no^ with Rnhb ft r 

This was performed based on JIS K6301 "Test Method for Tensile Properties of Vulcanized Rubber". 

22 hSSSTLTSS; T W T COmpositions were over samples of the film prepared by 

£S35 : |2? t6St Pi6CeS ^ th6n ^"^ ^ by 3 PeeNn9 ra,e * 50 mm/minute « an angle of 180 degree 
Examples IV-1 to IV-5 and Compar ative Examp lP S IV-1 and IV-P 
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Composition 


Parts by weight 




Natural rubber, RSS#3 


80 




SBR 


20 


Nipol 1502 made by Nihon Zeon . 


FEF carbon black 


50 


HTC#100 made by Chubu Carbon 


Stearic acid 


2 


Lunax YA made by Kao 


ZnO 


3 


Ginrei Zinc White made by Toho Zinc 


Sulfur 


3 


Powdered sulfur Karuizawa Refinery 


Vulcanization accelerator DM 


1 


Nocceler DM made by Ouchi Shinko Chemical Industrial 


Aroma oil 


2 





The laminate test piece obtained was used to measure the adhesiveness N/25 mm with rubber. The results are 
shown in Table IV-1. 
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mM^^J^SlZSL**^ mak,n9 [ * a/ * c] * hc/ ^ J <10 ' a *ermop.astic easterner composition 
ITZlln^ JcTT"' Preventive property and flexibility and further superior in the adhesiveness 
w,th rubber can be obta in ed. Further. [* A /* C ] - h c /»i A ] > 1.0. while the flexibility is supehor the air oermeation orf 
ventive property and the adhesiveness with rubber end up becoming inferior Permeation pre- 
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Examples of tires will be shown below. The methods of evaluation used in Examples I V-6 to IV-1 0 and Comparative 
Examples lV-3 to IV-4 were as follows: 

Method of Testing Durability of Inner Liner Layer 

5 

A 165SR13 steel radial tire was produced, assembled over a rim of 13 x 4-1/2 -J size, filled to an air pressure of 200 
kPa, mounted on a 1500 cc class passenger car, then run on an actual road for 20.000 km with a load corresponding 
to four passengers (65 kg/passenger). 

After this operation, the tire was detached from the rim and the liner layer at the inside surface of the tire was visu- 
io ally inspected. Tires with cracks in the liner layer, visible wrinkles, or peeling or rising of the liner layer were judged as 
defective and those without them as passing. 

Method of Testing Air Leakage (Pr essure Drop) 

75 The tire was allowed to stand for three months under conditions of an initial pressure of 200 kPa, room temperature 
of 21 °C, and no load. The inner pressure was measured at intervals of four days and the a value found by recurrence 
to the formula: 

Pt/Po = exp (-at) 

20 

where Pt is the measured pressure, Po is the initial pressure, and t is the days elapsed. Using the a obtained and a t of 
30 days, the drop in air pressure p per month (%/month) was found as follows: 

p = [1-exp(-at)]x100 

25 

Examples I V-6 to Example IV-10 and Comparative Exa mples IV-3 and IV-4 

Steel radial tires of a tire size 165SR13 were produced by ordinary methods. The Examples were tested as to the 
tire durability and drop in pressure. 
30 The results are shown in Table IV-2. 



Table IV-2 



35 


Tire 


Ex. IV-6 


Ex. IV-7 


Ex. IV-8 


Ex. IV-9 


Ex. IV-10 


Comp. Ex. IV-3 


Comp. Ex. IV-4 


Material of air per- 
meation preven- 
tive layer 


Ex. IV-1 


Ex. IV-2 


Ex. IV-3 


Ex. IV-4 


Ex. IV-5 


Comp. Ex. IV-1 


Comp. Ex. IV-2 


40 


Thickness of air 
permeation pre- 
ventive layer 
(mm) 


0.2 


0.2 


0.2 


0.2 


0.2 


0.2 


0.2 


45 


Pressure loss 
(%/month) 


2.7 


2.0 


1.9 


2.6 


2.6 


3.2 


3.3 




Tire durability 


Pass 


Pass 


Pass 


Pass 


Pass 


Fail 


Fail 



From Table IV-2, it is learned that Examples IV-6 to IV-10 where the thermoplastic elastomer composition of the 
so present invention is used for the air permeation preventive layer of the pneumatic tire gave excellent results in both the 
tire durability and pressure drop able to withstand actual use. As opposed to this, Comparative Examples IV-3 and IV- 
4 had large air permeation coefficients, and therefore, larger rates of pressure drop of the tires and further had low 
adhesiveness, and therefore, did not have a practical level of durability. 

The methods of evaluation used in the following Examples V-1 to V-5 and Comparative Examples V-1 to V-2 were 
55 as follows: 
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Method of Measurement of Air Per meation Cnpfficient of Film 

(Method AT.' Peri ° rmed b9Sed ° n J ' S K?126 ^ ^ ° f G3S Fermeaton ***** - Plastic Fiims and Sheets 

5 

Test piece: Film samples prepared in Example were used 
Test gas: Air (N 2 :0 2 = 8:2) 
Test temperature: 30°C 

10 Method Of Measurement of Young's Mr^uius of pj| m 

This was performed based on J.S K6301 "Test Method for Tensile Properties of Vu.cani 2 ed Rubber. 

Method of MeasiirPmPnt of Bonding Strength With R, ,hKo, 

This was performed based on J.S K6301 Test Method for Tensi.e Properties of Vulcanized Rubber. 

inates were cut into short strips of 25 mm width 3 ^ reSU,,an, rubbei *' lm 

ifa 35 : J? t6St Pi6CeS ^ ^"^ W bY 3 Pee,in9 rate * 50 - - ang,e of 180 degree 
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Master Batch Formulation 


(units: parts by weight) 


Br-IPMS (EXXPRO 89-4) 1 > 


100 


Carbon black (GPF) 2 > 


60 


Stearic acid 


1 


Petroleum based hydrocarbon resin 3 ) 


10 


Paraffin process oil 4 * 


10 



1) EXXPRO 89-4: Exxon Butyl (Exxon Chemical) 

2) GPF: Seast V (Tokai Carbon) 

3) Escolez 1102 (Esso) 

4) Machine Oil 22 (Showa Shell Oil) 

«J£2!S5^ 'T - « «" (C, and the 

in the Table. Furtner. as a vulcaniS ZeTZnc Th* °^ ™ mpount * n ° (P*'* by weight) shown 
charged to give amounts of 5 partsby weToht and t IJLh "L* **** were measured and continuously 

component of the rubber So^ By ?his the ru32 n^ 9 ^ 5 " 1 MP °" 1 °° ■ PWte by 0f 1,16 
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ther pelletized by a resin-use pelletizer, and the pellets were used to form a film of a width of 350 mm and a thickness 
of 0.1 mm by a resin-use extruder having a sheeting use T-die. The air permeation coefficient and Young's modulus of 
the obtained film were then measured. 

A sheet-like (2 mm thick) rubber composition of the following formulation (I) or (II) of rubber composition was super - 
s posed on the film obtained (0.1 mm thick) and then heat fused with the same by a press at 180°C x 10 minutes x 2.3 
MPa. The resultant rubber/Film laminate was cut into short strips of 25 mm width. The test pieces were then pulled apart 
by a peeling rate of 50 mm/minute at an angle of 180 degree for a peeling test. 



10 





Formulation (1) of Rubber Compo- 
sition 


Parts by weight 






Natural rubber, RSS#3 


80 




15 


SBR 


20 


Nipol 1502 made by Nihon Zeon 




FEF carbon black 


50 


HTC#100 made by Chubu Carbon 




Stearic acid 


2 


Beads Stearic Acid NY, made by Nihon Yushi 


20 


ZnO 


3 


Zinc White No. 3 




Sulfur 


3 


Powdered sulfur Karuizawa Refinery 




Vulcanization accelerator (BBS) 


1 


N-t-butyl-2-benzothiazyl sulfenamide 




Aroma oil 


2 


Desolex No. 3 made by Showa Shell 



25 



30 





Formulation (II) of Rubber 
Composition 


Parts by weight 






Brominated butyl rubber 


100 


Exxon Bromo Butyl 2244 made by Exxon Chemical 


35 


Carbon black HAF 


30 


Seast N made by Tokai Carbon 




ZnO 


3 


Zinc White No. 3, Seido Chemical 




Sulfur 


3 


Powdered sulfur Karuizawa Refinery 


40 


DM 


1 


Nocceler DM made by Ouchi Shinko Chemical Industrial 




Stearic acid 


1 


Beads Stearic Acid NY made by Nihon Yushi 



The results are shown in Table V-1. 

45 
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10 



15 



20 



25 




ESBS015 4 ) epoxy 
equivalent 1025 
ESBS 014 5 > epoxy 
equivalent 1900 



Air permeation 
coefficient x 10" 12 
cc- cm/cm 2 -sec* 
cmHg 



Young's modulus 
(MPa) 



Adhesiveness with 
rubber formula- 
tion (I) (N/25 mm) 



Bonding force with 
rubber formula- 
tion (II) (N/25 mm) 



30 



65 



45 



20 



40 



18 



50 



60 



11 



11 



49 



43 



39 



80 



40 



35 



95 



*11 



30 



35 



40 



45 



SO 



M50 



12 



120 



70 



Notes: 

1) BMNO(Atochem). 

2) CM6001 (Toray). 

3) Br-IPMS EXXPRO 89-4 (Exxon Chemical) 

4) ESBS 015 (Daicel Chemical). 

5) ESBS 014 (Daicel ChemicaQ. 

IhM eonponent satisfy the taraet rao^TnVw^ ( B > is 'ncludsa and an epoxylated SBS resin is included as a 
Example v-5 

nents^ Examples V. to V. were mixed with the compo- 

was added in a simi.ar amount to JSST °ZT * ^ vulca " iza *>" OS* 

resin matrix to dynamically vulcanize durinc f thVmL™ TZ T "y™* Aspersed as a dispersed phase in the 
screw extruder was extruded ts^s ^ne toln^? , « henno P , «*'c elastomer composition mixed by the twin- 
and the pel.ets used to ^ZT^^Z^^ 7^11^^ * 3 ^ 
Emulation of Thermoplastic E.astomar Corr^mo^tZVl^ * 
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A 


N11 (BMN0 1 >) 
N6/66 (CM6001 2 >) 


10 
30 


B 


Br-IPMS (EXXPRO 89-4 3 >) 


60 



Notes: 

1) Made by Atochem. 

2) Made by Toray. 

3) Made by EXXON Chemical. 



Next, the rubber composition of the following formulation was formed into a sheet of a thickness of 1 mm by a roil 
15 mixer. 



20 


Formulation of Rubber 
Composition 


(Unit: Parts by weight) 






SBR (Nipol 1502) 


40 


Nihon Zeon 




NR (RSS No. 3) 


60 




25 


Carbon black GPF 


45 


Seast V, made by Tokai Carbon 




ZnO 


4 


No. 3 Zinc White 




Stearic acid 


2 


Beads Stearic Acid NY, made by Nihon Yushi 




Aroma oil 


3 


Desolex No. 3 made by Showa Shell Oil 


30 


Sulfur 


2.5 


Powdered sulfur Karuizawa Refinery 



Further, pellets of ESBS 01 5 (epoxy equivalent 1 025) were formed into a film of a thickness of 50 urn using a resin- 
use T-die extruder. 

35 The film of ESBS 015 above prepared was sandwiched between a thermoplastic elastomer film and rubber sheet. 
These were vulcanized and adhered using a press at 180°C x 10 minutes x 2.3 MPa. The rubber/ESBS 015 film/ther- 
moplastic elastomer film laminate obtained was cut into a short strip of 25 mm width. The test piece was pulled apart 
by a peeling rate of 50 mm/minute at an angle of 1 80 degrees for a peeling test, whereupon the result was obtained of 
a peeling strength of 190 N/25 mm. 

40 Examples of tires of the present invention will be shown below. The methods of evaluation used in Examples V-6 
to V-10 and Comparative Examples W3 to V-5 were as follows: 

Method of Testing Durability of Inner Liner Layer 

45 A 165SR13 steel radial tire was produced, assembled over a rim of 13 x 4-1/2 -J size, filled to an air pressure of 200 
kPa, mounted on a 1500 cc class passenger car, then run on an actual road for 20,000 km with a load corresponding 
to four passengers (65 kg/passenger). 

After this operation, the tire was detached from the rim and the liner layer at the inside surface of the tire was visu- 
ally inspected. Tires with cracks in the liner layer, visible wrinkles, or peeling or rising of the liner layer were judged as 

so defective and those without them as passing. 

Method of Testing Air Leakage (Pressure Drop) 

The tire was allowed to stand for three months under conditions of an initial pressure of 200 kPa. room temperature 
55 of 21 °C. and no load. The inner pressure was measured at intervals of four days and the a value found by recurrence 
to the formula: 

Pt/Po a exp (-at) 
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5 0 =[1-exp(-ot)]x 100 

Examples V-6 to Fxample V-10 anri gflnffigratiyg F» mr i Q . y § 

tire cSS^^n*^ 1658 ™ 8 ^ Pr0dUC6d * Exarrp.es were tested as to the 

w The results are shown in Table V-2. 
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55 

Comparative Example V-3 had insufficient adhesiveness, and therefore, a sufficient durability of the air permeation 
preventive layer could not be obtained. Further, Comparative Example V-4 had a large air permeation coefficient, and 
therefore, a large pressure drop even when the inner liner layer was made the same thickness as Comparative Example 
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10 



V-5. That is. the weight could not be reduced. 

than^^J? to i hiS ' * 7*2 ,6arned th3t Exam P' es V ' 6 10 v -10 all had pressure drops of equal or better performances 
used for bondmg with the carcass layer and thereby obtain a pneumatic tire reduced SwSJT " 
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Examples VI-1 to VI-5 and Comparative Examples VI-1 and VI-2 

(1) First, samples were prepared using the formulations shown by I to VII in the following Table VI-1 . The nylon resin 
pellets and compatibilizers were charged from the first charging port of the twin-screw kneader/extruder for melt 

5 mixing, then the pellets of the rubber component were charged from the second charging port to cause the rubber 

component to be finely dispersed in the nylon resin. Next, 0.5 part by weight of zinc oxide, 2.0 parts by weight of 
stearic acid, and 1 .0 part by weight of zinc stearate per 100 parts by weight of the elastomer were charged as a 
vulcanization system from the third charging port to cause the rubber component to dynamically vulcanize and fix 
the dispersion of the rubber phase. Next, copper iodide, Irganox 1010. Cinubin 144, a crystal nucleating agent A, 

10 crystal nucleating agent B, crystallization prevention agent C, etc. were charged from the fourth charging port. The 
obtained thermoplastic elastomer composition was extruded into strands which were then cooled by water and then 
pelletized by a resin-use pelletizer. Then, the resultant pellet was extruded from a 40 mm 0 resin use single screw 
type extruder having a T type die to form a film having a width of 400 mm and a thickness of 0.20 mm. 



75 

Table VI-1 





Composition of Thermoplastic Elastomer Composition 




Composition 


Composition of examples 




Composition of comparative 


on 














examples 








I 


II 


III 


IV 


V 


VI 


VII 




Nylon 6/66 1) 


60 


60 


10 


60 


10 


60 


10 




Nylon 11 2 > 






30 




30 




30 


25 


Elastomer 3 * 


40 


40 


60 


40 


60 


40 


60 




Subtotal 


100 


100 


100 


100 


100 


100 


100 




Compatibilizer 4 ) 


25 


25 


6 


5 


6 


25 


6 


30 


Copper iodide 


0.02 






0.02 


0.02 








Hindered phenol 5 * 




0.5 




0.7 










Hindered amine 6 * 






0.4 












Crystal nucleating 










0.5 






35 


agent A 7 * 


















Crystal nucleating 




0.2 














agent B 8 * 
















40 


Crystallization 










0.01 








prevention agent C 9 * 

















1 ) CM6001 : made by Toray. 

2) BESNO TL: made by Atochem. 

45 3) Elastomer: E XX PRO 89-4 Bromide of isoprene -p-methylstyrene copolymer 

4) Compatibilizer: Admer QB540 Anhydrous maleic acid modified polyolefin 

5) Hindered phenol: Irganox 1010 made by Ciba-Geigy 

6) Hindered amine: Cinubin 144. made by Ciba-Geigy 

7) Crystal nucleating agent A: Calcium stearate 

8) Crystal nucleating agent B: Styrene bis-stearyl amide 
50 9) Crystallization prevention agent C: Lithium chloride 

(2) On the other hand, the formulations shown in the following Table VI-2 were mixed by a rubber-use Banbury 
mixer. The rubber polymers were charged into the Banbury mixer and mixed for 1 minute, then the oil etc. was 
55 charged and the mixing continued for another minute. The ram was raised and the inside mixed batch was inverted, 
then the ram was again lowered and mixing continued for a further 2 minutes. The vulcanization system was added 
to the mixed rubber composition which was then further mixed to prepare unvulcanized rubber sheets of 2 mm 
thickness. 
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Table VI-2 



70 



15 



20 



Composition of Rubber Composition 


Rubber composition 


A 


B 


SBR 


40 




NR 


60 




IIR 




90 


CI-IIR 




10 


Carbon black HAF 


45 


60 


ZnO 


4 


3 


Stearic acid 


2 




Aroma oil 


3 




Naphthalenic oil 




10 


Sulfur 


2.5 




Phenol resin 1 > 




8 



25 



30 



35 



40 lows 



1) Takirol 250-I, Taoka Chemical. 

^^S^^^^^^l Prepared b ythe ^ (2) (150 mm x 150 mm x 2 mm) 

thermoplastic eLomer/^e S irs SSS b^ma' 2£T V*™** " ** COmpoSifion and 
a processing time of 10 rrtnu.es. £\Te£T^l«™ M ?" M ~ -'"-■■«*«-™ of 180-C. 

(5) The film prepared in the above m ^ ^«c 1 . L° Pr0dUOe 9 fcre 01 a tire size 165SR1 3 - 
thermoplastic elastomer «£S2 } £5 ^^^5^ ^ 6ngth and elon 9 ation at b ' e * k of the 

the heat resistance after 3SSE, Sh« £ ^S^^"^? 0 USed * 6ValUate and test 
the tire. ' e P re P ar « 1 ,n tn e above (4) was used to test the durability of 

Note that the methods of testing and measurement and the methods of evaluation used for these tests were as fol- 



45 



50 



55 



Breaking Strength and Elongation at Break nf Th^p,^ glagtnmor Matori „ 
pieceMi,^ 

in parallel to the direction of extrusion ^^^^£^S T P * "*° J ' S Na 3 dUmbbe " Shapes 
found from the obtained stress-straTn curve ™* br6ak,ng Strength and •'"■A"*'" at break were 

Bate Of Ret^on of Breaking Strength and Flonn^ion After M „can i , ati on rt Jto^ „ 

shapes and used for testing Kfn^e^ off were punched into 

The rate of retention of the breaking strength and etongation was found by the following equation. 

Rate of retention (%) = (Breaking strength and elongation after pressing)/ 
Original breaking strength and elongation) x 1 00 
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Test of Durability of Tire 

The 165SR13 steel radial tires (rim of 13 x 4-1/2- J) prepared in the Examples of the above (4) were run on an actual 
road for 20,000 km at an air pressure of 200 kPa on a 1500 cc class passenger car with a load corresponding to four 
5 passengers (65 kg/passenger). 

After this operation, the tires were detached from the rim and the liner layer at the inside surface of the tires was 
visually inspected. Tires with cracks in the liner layer, visible wrinkles, or peeling or rising of the liner layer were judged 
as defective and those without them as passing. 

The test was designed to give an overall evaluation of the deterioration in strength, deterioration in bonding, etc. of 
10 the liner layer when used with an actual vehicle. 

The results are shown in the following Table VI-3. 
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persed phase plus the agent for prevention of heat deterioration (i) alone and the crystal nucleating agents and crystal- 
lization prevention agent together and these used for the inner surfaces of tires gave excellent rates of retention of 
physical properties after vulcanization and tire durability (prevented cracking at inner surface of tires) in the case of 
NR/SBR rubber compositions and tires using the same. 

5 As explained above, according to the present invention, since it is possible to obtain a thermoplastic elastomer 

composition comprised of a polyamide thermoplastic resin as the continuous phase and the elastomer composition as 
the dispersed phase which maintains the superiority of the balance of the gas (air) permeation preventive property and 
flexibility of the thermoplastic elastomer composition itself and is excellent in resistance to heat deterioration at the time 
of shaping of the laminate and, further, which is superior in the long term resistance to cracking upon bending after the 

io shaping, by using this for the laminate structure of a tire, it is possible to provide a tire having a gas (air) permeation 
preventive property and superior in resistance to heat deterioration and dynamic durability. 

Colored resin film layers having a thickness of 100 ^m and black-concealing layers having a thickness of 50 urn 
were prepared by the formulations (parts by weight) shown in Table VII-1 . 

Next, sheets of laminates of the same were wrapped around tire shaping drums with the black-concealing layers 

75 down, carcass layers, belt layers, treads, and other tire parts were superposed, then the assemblies inflated to form 
green tires. The green tires were vulcanized by a vulcanizer at 180°C for 10 minutes to prepare tires (Examples VII-1 
to VII-5 and Comparative Examples VII-1 to VII-2). 

These tires were evaluated as follows as to the light reflectance of their black-concealing layers, the clarity of the 
color of the colored resin film layer as seen through a sensory test, and the tire durability. The results are shown in Table 

20 VII-1. 

Light Reflectance of Black-con cealing Layer 
This was according to JIS Z8722. 

25 

Sensory Test 

Samples were prepared by superposing a black-concealing layer over a black rubber layer then superposing a 
colored resin film layer. Sensory tests were performed using a panel of five. The clarity of the color was judged by the 
30 number of persons judging that the underlying black did not show up and that a good color clarity was obtained. When 
the number was five or four, it was judged that the color was clear, when three or two, that the color was not that clear, 
and when one or zero that the color was not clear at all. In Table VII-1 , "Good" means the color is clear, "Fair that the 
color is not that clear, and "Poor" that the color is not clear at all. 

35 Tire Durability 

Steel radial tires (1 65SR13, rim 1 3 x 4.5J) were formed using the colored resin film layer and black-concealing layer 
as inner liner layers. The tires were subjected to indoor durability tests under the following conditions (a) to (c). then their 
inside surfaces were inspected. Tires found to have the following trouble (1) to (2) in the visual inspection of the inner 
40 liner layers were judged as defective. 

Conditions 

(a) Air pressure of 140 kPa x load of 5.5 kN 
45 (b) Room temperature of 38°C 

(c) Run for 10,000 km on 01707 mm drum at speed of 80 km/h 

Trouble 

50 (1) Splitting or cracking 

(2) Peeling or rising 
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In Table VIM Comparative Example VIM is the case where the content of titanium dioxide in the black-concealina 
layer ,s zero and the fight reflectance of the blacK-concealing layer is 7%. The results in the s^^°SS2 
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Further, Comparative Example VII-2 is the case where the content of the titanium dioxide in the black-concealing layer 
is 0.3% and the light reflectance of the black-concealing layer is 12%. In this case as well, the results of the sensory test 
were not that good. As opposed to this, in Examples VII-1 to VI 1-5, the results of the sensory test were good. 

As explained above, according to the present invention, since a white or other colored resin film layer comprised 
£ mainly of a thermoplastic resin is provided at least at part of the innermost surface or outermost surface of the tire 
through at least one black-concealing layer with a light reflectance of at least 15%, the coloring is clear even without 
having to made the thickness of the colored layer (resin film layer) thicker and further the following effects (i) to (iv) can 
be exhibited: 

w (i) The information necessary at the time of assembly on the rim can be identified simply and easily without misun- 
derstanding. 

(ii) It is possible to prevent mistaken assembly since it is sufficient to just combine the tire colored on its inner or 
outer surface with a rim colored by a color associated with that coloring. 

(iii) It .is possible to prevent mistaken use of tires by coloring the inner surface of the tire in accordance with its 
15 intended use such as racing use or emergency use. 

(iv) Separation at the time of recycling becomes easy by separately coloring types of materials used inside the tire 
(belt layer, carcass layer, etc.) 

The methods of evaluation used in these examples were as shown below: 

20 

Melt Viscosity 

Here, the melt viscosity means the melt viscosity of any temperature or component at the time of mixing. The melt 
viscosity of each polymer material is dependent on the temperature, the shear rate (sec 1 ), and the shear stress, so the 
25 stress and shear rate of the polymer material at any temperature in the molten state capable of flowing through a cap- 
illary, in particular, the temperature region at the time of mixing, are measured and the melt viscosity is measured by 
the following formula (5): 

3o t| = a/y (where, a: shear stress, y: shear rate) (5) 

Note that, the melt viscosity is measured by using a Capillary Rheometer Capillograph 1C made by Toyo Seiki. 
Measurement of Young's Modulus and Elongation of Film 

35 

This was performed based on JIS K6251 "Test Method for Tensile Properties of Vulcanized Rubber. 

Test piece: Samples of the film prepared by extrusion in the examples were used and punched into JIS No. 3 dumb- 
bell shapes in the direction of flow of the thermoplastic resin at the time of extrusion. 

40 

A tangent was drawn against the curve of the initial strain region of the stress-strain curve obtained and the Young's 
modulus was found from the inclination of the tangent. 

Further, the length between standard lines at the time of breakage of a sample of the film prepared in each example 
was measured to calculate the elongation by the following formula. 

45 

E B = (L r L 0 )/L 0 x100 

where, 

so E B : elongation at break (%) 

Lq: length between standard lines (mm) 

L,: length between standard lines at time of breakage (mm) 

Method of Measurement of Gas Permeation Degree of Fil m (Air Permeation Coefficient) 

55 

This was performed based on JIS K7126 "Test Method of Gas Permeation Degree of Plastic Films and Sheets 
(Method A)". 
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Test piece: Film samples prepared in example were used. 
Test gas: Air (N 2 :0 2 = 8:2) 
Test temperature: 30°C 

Method of Testing Tim Air Leakagp Performance 

preslrfcJpoo SZ^JSl ° f 13 *. 4 " 1/2 ' J> mS t0 M for months under «««» of ™ initial 

Tta J va 2 2t S ^ ^T^ 6 ° f 21 ° C and meaSured for * ressure at interva, s of four days 
i ne a value was found by recurrence to the function: 

Wo = exp (-at) 

P ° iS ^ ^ ^ 1 iS dayS e ^ Sed U *"° "» « <»*ined and a t of 



0 = [1-exp(-at)]x 100 
This value p was the drop in pressure per month (%/month). 
20 Method of Testing Tire Durability 

run on™ £5 " X ^ ~ * *" * ^ « ^ ^ *™ * ™ - " «■ and 

25 alh, ii^^T rati0 l the !!L e W8S detaChSd fr ° m 106 rim a^ "™ **** at the inside surface of the tire was visu- 
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ASP: difference in solubility parameters of elastomer component (B) and thermoplastic resin component (A) 
<|> m : volume fraction of thermoplastic resin component (A) 
a = -0.0518, b = 0.90 

and wherein the elastomer component (B) is the discontinuous phase and the thermoplastic resin component 
s (A) is the continuous phase 

2. A pneumatic tire as claimed in claim 1 , wherein the said elastomer component phase contains a cross-linking agent 
and is at least partially cross-linked. 

io 3. A pneumatic tire having an air permeation preventive layer comprising a low permeability thermoplastic elastomer 
composition comprising a thermoplastic resin composition as a continuous phase and a rubber composition as a 
dispersed phase, wherein the low permeability thermoplastic elastomer composition has a phase structure in which 
a barrier resin composition is dispersed in the form of a flat state in the thermoplastic elastomer. 

is 4. A pneumatic tire as claimed in claim 3, comprising the thermoplastic elastomer having a thermoplastic resin com- 
position as a continuous phase and a rubber composition as a dispersed phase, wherein the volume fraction and 
melt viscosities of the barrier resin composition satisfy the following relation (2) and relation (3): 



20 



25 



50 



1d'n m >3.0 (2) 



a-j4xj=<1.0 (3) 



wherein, 



4> d : volume fraction of barrier resin composition 
T| d : melt viscosity of barrier resin composition 
30 <(> m : volume fraction of thermoplastic elastomer with the thermoplastic resin composition as the continuous 

phase and the rubber composition as the dispersed phase 

r| m : melt viscosity of thermoplastic elastomer with the thermoplastic resin composition as the continuous phase 
and the rubber composition as the dispersed phase. 

35 5. A pneumatic tire as claimed in claim 3 or 4, wherein the barrier resin composition contained in the low permeability 
thermoplastic elastomer composition is at least one thermoplastic resin selected from the group consisting of 
polyamide resins, polyester resins, polyvinyl resins, and polyvinylidene chloride resins. 

6. A pneumatic tire as claimed in any one of claims 3 to 5, wherein a flatness (aspect ratio A, A = a/b where a is a 
40 long axis length and b is a short axis length of the barrier resin composition in the low permeability thermoplastic 

elastomer composition after shaping is in the range of 1 0 to 500. 

7. A pneumatic tire having an air permeation preventive layer comprising an adhesive thermoplastic elastomer com- 
position comprising a thermoplastic elastomer composition (A) comprising a thermoplastic resin component con- 

45 stituting a continuous phase in which an elastomer component constituting a dispersed phase is dispersed at a 
blend ratio by weight to the elastomer component of 1 0/90 to 80/20 and an incompatible functional resin component 
(B), blended therewith, having a difference in solubility parameter (SP value) to the thermoplastic resin component 
(A) of more than 1 .0, where the following relation (4) is satisfied: 



a = ^x^<1.0 (4) 



where, 

4> A : volume fraction of thermoplastic elastomer composition component 
4> B : volume fraction of adhesive thermoplastic resin component 

"Ha* m ert viscosity of thermoplastic elastomer composition component during melt mixing 
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n B : melt viscosity of adhesive thermoplastic resin component during melt mixing; and 

the volume fraction, based upon the total amount of (A) and (B), is controlled to 1 to 40%. 

8. A pneumatic tire as claimed in claim 7, wherein said air permeation preventive layer comprises an adhesive ther- 
moplastic elastomer composition where a compatbilizer component (C) is further included in an amount of 0 5 to 
10% by weight, based upon the total weight of the component (A) and component (B) of said adhesive thermoplas- 
tic elastomer composition. 

9. A thermoplastic elastomer composition having an air permeation coefficient of not more than 25 x 10" 12 
cc • cm/cm 2 • sec • cmHg and a Young's modulus of 1 to 500 MPa comprising: 

(A) at least one thermoplastic resin component having an air permeation coefficient of not more than 25 x 10 
cc •cm/cm* - sec -cmHg and a Young's modulus of more than 500 MPa in an amount of at least 10% by 

weight, based upon the weight of the overall polymer component, and 

(B) at least one elastomer component having an air permeation coefficient of more than 25 x 10" 12 
cc • cm/err^ • sec • cmHg and a Young's modulus of not more than 500 MPa in an amount of at least 1 0% by 
weight, based upon the weight of the overall polymer component, the total weight (A)+(B) of the component (A) 
and the component (B) being at least 30% by weight of the weight of the overall polymer component the com- 
ponent (A) forming a continuous phase, and the component (B) forming a dispersed phase and 

(C) in the thermoplastic resin of the component (A), an adhesive thermoplastic resin component (C) having a 
volume fraction x viscosity ratio with the thermoplastic resin shown by the following relation 



where, 



30 



35 10. 



40 



11 



4>a- volume fraction of thermoplastic resin component (A) 

<t>c: volume fraction of adhesive thermoplastic resin component (C) 

tIa-" melt viscosity of thermoplastic elastomer component (A) during melt mixing 

r)c' met viscosity of adhesive thermoplastic resin component (C) during melt mixing, 

in an amount of 1 to 75% by weight based on the total weight of the components (A), (B), and (C). 

A thermoplastic elastomer composition as claimed in claim 9, wherein the thermoplastic resin of said component 
(A is a least one thermoplastic resin selected from the group consisting of polyamide resins, polyester resins 
polynrtnle resins, polymethacrylate resins, polyvinyl resins, cellulose resins, and f luoro resins, and imide resins. ' 

A thermoplastic elastomer composition as claimed in claim 9 or 10. wherein the elastomer of the component (B) is 
at least one elastomer selected from the group consisting of diene rubbers and the hydrogenates thereof, olefin 
rubbers, halogen-containing rubbers, silicone rubbers, sulfur-containing rubbers, f luoro rubbers, and thermoplastic 
elastomers. 
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12. A pneumatic tire wherein, as an air permeation preventive layer, a layer of the thermoplastic elastomer composition 
according to any one of claims 9 to 1 1 is used. 

13. A rubber and thermoplastic elastomer laminate having as a gas permeation preventive layer, a thermoplastic elas- 
tomer oomposrt.on having an air permeation coefficient of not more than 25 x 10 12 cc • cm/cm 2 • sec - cmHg and a 
Young's modulus of 1 to 500 MPa and having a rubber composition layer laminated thereon, comprising: 

(A) at least one thermoplastic resin having an air permeation coefficient of not more than 25 x 10 12 
cc • cm/crr^ • sec • cmHg and a Young's modulus more than 500 MPa in an amount of at least 10% by weiqht 
based upon the weight of the overall polymer component. * 

(B) at least one elastomer component having an air permeation coefficient of more than 25 x 10' 12 
cc • cm/cm* • sec • cmHg and a Young's modulus of not more than 500 MPa in an amount at least 10% by 
weight, based upon the weight of the overall polymer component, 

the total weight (A)+(B) of the component (A) and the component (B) being at least 30% by weiqht 
based upon the weight of the overall polymer component, and ' 
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(C), in the thermoplastic resin of the component (A), an epoxide of a block copolymer comprising a vinyl aro- 
matic compound and a conjugated diene compound and/or its partial hydrogenate in an amount of 3 to 50% 
by weight. 

14. A rubber and thermoplastic elastomer laminate as claimed in daim 1 3, wherein the thermoplastic resin of said com- 
ponent (A) is at least one thermoplastic resin selected from the group consisting of polyamide resins, polyester res- 
ins, polynitrile resins, polymethacrylate resins, polyvinyl resins, cellulose resins, and fluoro resins, and imide resins. 

15. A rubber and thermoplastic elastomer laminate as claimed in claim 13 or 14. wherein the elastomer of the compo- 
nent (B) is at least one elastomer selected from the group consisting of diene rubbers and the hydrogenates 
thereof, olefin rubbers, halogen-containing rubbers, silicone rubbers, sulfur-containing rubbers, fluoro rubbers, and 
thermoplastic elastomers. 

16. A rubber and thermoplastic elastomer laminate as claimed in any one of claims 13 to 15, wherein the elastomer of 
the component (B) forms a discontinuous phase in the composition. 

1 7. A rubber and thermoplastic elastomer laminate wherein a thin film comprised mainly of an epoxide of a block copol- 
ymer composed of a vinyl aromatic compound and conjugated diene compound contained in the component (C) 
and/or its partial hydrogenate is laminated interposed state between the thermoplastic elastomer composition layer 
comprised of the components (A) and (B) and rubber composition layer. 

18. A pneumatic tire having an air permeation preventive layer comprising a rubber and thermoplastic elastomer lami- 
nate according to any one of claims 13 to 17. 

19. A rubber and thermoplastic elastomer laminate comprising a layer comprised of a thermoplastic elastomer compo- 
sition (A) containing a polyamide thermoplastic resin composition containing an elastomer composition and at least 
one compound selected from the group consisting of (i) copper halide. a hindered phenol, a hindered amine, and 
an aromatic amine and a layer composed of a rubber composition (B) laminated together. 

20. A rubber and thermoplastic elastomer laminate as claimed in claim 19, wherein said thermoplastic elastomer com- 
position (A) contains (ii) a crystalline nucleating agent or crystallization prevention agent. 

21 . A rubber and thermoplastic elastomer laminate as claimed in claim 1 9 or 20, wherein the elastomer composition is 
a composition containing at least one elastomer selected from the group consisting of a diene rubber and its hydro- 
genate, an olefin rubber, a halogen-containing rubber, a silicone rubber, a sulfur-containing rubber.afluororubber, 
and a thermoplastic elastomer. 

22. A rubber and thermoplastic elastomer laminate as claimed in any one of claims 19 to 21. wherein at least part of 
the polyamide thermoplastic resin composition forms a continuous phase and at least part of the elastomer com- 
position forms a dispersed phase. 

23. A rubber and thermoplastic elastomer laminate as claimed in any one of claims 20 to 22, wherein the crystalline 
nucleating agent (ii) is at least one compound selected from the group consisting of inorganic particulate, a metal 
oxide, an oligomer, a high melting point nylon, a carboxylic acid, a carboxylic acid amide, a carboxylic acid metal 
salt, a carboxylic acid ester, and a high grade alcohol wax and a crystallization prevention agent (ii) is at least one 
selected from the group consisting of metal salts such as lithium chloride. 

24. A pneumatic tire having an air permeation preventive layer comprising a rubber and thermoplastic elastomer lami- 
nate according to any one of claims 19 to 23. 

25. A pneumatic tire having a resin film layer comprising a thermoplastic resin as a main ingredient and colored white 
or another color, at least at part of the innermost surface or outermost surface of the tire, through at least one layer 
of a black-concealing layer having a light reflectance of at least 15%. 

26. A pneumatic tire as claimed in claim 25. wherein said black-concealing layer contains at least one additive selected 
from the group consisting of white fillers, pigments, and dyes. 

27. A pneumatic tire as claimed in claim 25, wherein said black-concealing layer contains at least 0.5% by weight of 
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titanium dioxide. 



meabon preventive layer. sec cmM 9 and is used also as an air per- 

30. A pneumatic tire as claimed in any one of claims 25 to ?s whor-^r. «, , 

selected from the group consisting of pol^^n^JLTJ l *>ermoplast.c resin is at least one resin 
polyvinyl resins, ce.lu.ie r^TJ^^^Z^^' ^ P^ethacrytote resins. 

31. A pneumatic tire as Calmed in any one of Cairns 25 to 30. wherein sa « resin ti.m .ayer contains an e.astomer 
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Fig.5 
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EFFECT OF T-DIE SHAPING OF TPR FILM 

O E X X PRO + H-NBR/N6.66 (CM6001) =50/50 
A E X X PRO/N11/N6.66 (CM6001) =60/29/11 
□ EX X PRO/N11/N6.66 (CM6041) =60/29/11 
V E X X PRO/N11/P ET =59/29/12 
O E X X PRO/N11/M X D 6 =59/29/12 
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